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I .  INTRODUCTION 
A. Overview 
I n  r e c e n t  y e a r s ,  t h e  p r i c e s  o f  a g r i c u l t u r a l ~ p r o d u c t s  
h a v e  f l u c t u a t e d  w i d e l y .  I n  p a r t ,  t h e s e  p r i c e  movements h a v e  
b e e n  t h e  r e s u l t  o f  g e n e r a l  i n f l a t i o n a r y  p r e s s u r e s  t h a t  h a v e  
p l a g u e d  t h e  economy s i n c e  t h e  l a t e  s i x t i e s .  A s i g n i f i c a n t  
p o r t i o n  o f  t h e s e  p r i c e  movements, however ,  i s  t h e  r e s u l t  of 
o t h e r  s t r u c t u r a l  s h i f t s  i n  t h e  economy. Pa ramount  among t h e s e  
o t h e r  c o n s i d e r a t i o n s  i s  t h e  i n c r e a s e d  e x p o s u r e  o f  American 
a g r i c u l t u r a l  s u p p l i e s  t o  f o r e i g n  demand. Owing t o  t h e  impre- 
c i s i o n  s u r r o u n d i n g  e x p e c t e d  f o r e i g n  demand f o r  American a g r i -  
c u l t u r a l  p r o d u c t s ,  t h e  d o m e s t i c  m a r k e t  h a s  b e e n  c a u g h t  o f f  
b a l a n c e  on numerous o c c a s i o n s .  N o t a b l e  among t h e s e  o c c a s i o n s  
h a v e  b e e n  t h e  R u s s i a n  Wheat d e a l s  o f  t h e  e a r l y  s i x t i e s  and 
s e v e n t i e s .  A s  a r e s u l t  o f  t h e  i n c r e a s e d  demand p r e s s u r e s ,  t h e  
U . S .  m a r k e t s  f o r  a g r i c u l t u r a l  c o m m o d i t i e s  h a v e  shown a n  i n -  
c r e a s e d  s e n s i t i v i t y  t o  d o m e s t i c  and  f o r e i g n  c r o p  p r o d u c t i o n  
p r o j e c t i o n s .  The c o r n  b l i g h t  s c a r e  i n  1 9 7 1 ,  f o r  example ,  d r o v e  
c o r n  p r i c e s  up by o%er 30% i n  a  few months  b e f o r e  more a c c u r a t e  
i n f o r m a t i o n  r e v e r s e d  t h e  s u r g e  and p r i c e s  r e t r e a t e d  t o  t h e i r  
p r e s c a r e  l e v e l s  
A l t h o u g h  many s u c h  e x a m p l e s  o f  m a r k e t  r e s p o n s e  t o  i n -  
c r e a s e d  demand p r e s s u r e s  and i m p r e c i s e  i n f o r m a t i o n  c a n  b e  
f o u n d ,  e a c h  e p i s o d e  i s  s u f f i c i e n t l y  d i f f e r e n t  t o  d e n y  t h e  
fo rmula t ion  of a hard and f a s t  bromide t o  combat any such 
f u t u r e  episodes .  The reason for t h i s  apparent  i n t r a c t a b i l i t y  
when viewed i n  t he  l a r g e ,  l i e s  i n  t h 8  s t r u c t u r e  of t he  commod- 
i t i e s  markets and t h e  m u l t i c h ~ n n e l e d  econonlc dia logue t h a t  
t a k e s  r l a c e  wi th in  them. When approached a s  a  s i n g l e  message, 
t h e  s i g n a l  from t h e  commodities markets may e a s i l y  be miscon- 
s t r u e d  a s  j u s t  so  much noise .  I n  f a c t ,  t h e  a c t i v i t y  of t h e  
commodities markets i s  a  l o g i c a l l y  s t r u c t u r e d  process  of 
r a t i o n a l  economic behavior .  
Commodities such as wheat a r e  t r aded  i n  two d i f f e r e n t ,  
b u t  in te rdependent ,  markets--- the cash ( spo t )  market and t h e  
forward s a l e s  ( f u t u r e s )  market. ~omrnodi t ies  i n  t he  s p o t  mar- 
k e t  a r e  t r aded  p r imar i l y  b y  those  who produce, mar a t ,  o r  pro- 
c e s s  foods.  The s p o t  market i s  " c r o s s - s e c t i o n a l " , a s  opposed 
t o  "temporal," i n  t h a t  t h e  r o l e  of t h e  market p rocess  i s  t o  
a l l o c a t e  e x i s t i n g  s u p p l i e s  ac ros s  e x i s t i n g  demands a t  a p o i n t  
i n  t i n e .  The f u t u r e s  market s e r v e s  t o  a l l o c a t e  s u p p l i e s  t o  
demands over t ime,  Commodities i n  t he  f u t u r e s  market a r e  
t r a d e d  by bo th  hedgers and specu la to r s .  Hedgers, on t h e  one 
hand, tend t o  be owners of phys i ca l  s t ocxs  t h a t  may s e l ;  f o r -  
ward (hedge s h o r t )  i n  o rde r  t o  p r o t e c t  t h e i r  i n v e n t o r i e s  from 
an unexpected p r i c e  d e c l i n e ,  o r  may buy forward (hedge long) 
t o  cover  a  f u t u r e  commitment t o  s e l l .  Specu la to r s ,  on t ho  
o t h e r  hand, may ox may no t  own phys ica l  s t o c k s  and s e l l  o r  buy 
forward ( specu la t e  s h o r t  o r  long,  r e s p e c t i v e l y )  i n  a n t i c i p a t i o n  
o f  r e a p i n g  p r o f i t s  from a  p o s s i b l e  r i s e  o r  f a l l  i n  p r i c e s  be-  
yond wha t  t h s  m a r k e t  c u r r e n t l y  e x p e c t s .  Hedgers  o f t e n  t a k e  a  
p o s i t i o n  i n  t h e  f u t u r e s  m a r k e t  o p p o s i t e  t o  t h e i r  c a s h  p o s i t i o n s  
and  may b e  v iewed  as t r a d e r s  i n  f u t u r e s  w i t h  a c c e s s  t o  t h e  
c a s h  m a r k e t .  Thus ,  t h e  c a s h  and  f u t u r e s  m a r k e t  a r e  c l o s e l y  
r e l a t e d  t h r o u g h  t h e  d u a l  m a r k e t  a c t i v i t i e s  o f  h e d g e r s .  
To t h e  e x t e n t  t h a t  the s p o t  and f u t u r e s  m a r k e t s  have  
a c c u r a t e  i n f o r m a t i o n ,  t h e  m a r k e t  p r o c e s s  i n  a  f r e e  economy w i l l  
d i s t r i b u t e  r e s o u r c e s  e f f i c i e n t l y  a c r o s s  u s e s  and  o v e r  t i m e .  
O b v e r s e l y ,  u n e x p e c t e d  s u r g e s  i n  demand o r  u n u s u a l l y  p o o r  
p r o d u c t i o n  f o r e c a s t s  w i l l  l e a d  t o  i n e f f i c i e n t  r e s o u r c e  a l l o c a -  
t i o n s .  R e p o r t i n g  d e l a y s ,  w e a t h e r  a b e r a t i o n s  e t c .  i n t q o d u c e  
i n p r e c i s i o n  and  r i s k  i n t o  b o t h  t h e  s p o t  and f u t u r e  m a r k e t s .  
I n  t h e  f u t u r e s  m a r k e t s  e s p e c i a l l y ,  t h e  " r i s k s "  a s s o c i a t e d  
w i t h  f o r w a r d  c o n t r a c t i n g  h a v e  been  c i t e d  a s  g r o u n d s  f o r  abo- 
l i t i o n  o f  f o r w a r d  m a r k e t s  owing t o  p o s s i b l e  p r i c e  i n s t a b i l i t i e s  
a r i s i n g  f r c  t h e  u n s c r u p u l o u s  a c t i o n s  o f  some s p e c u l a t o r s .  
P a r a d o x i c a l l y ,  i t  i s  t h e  r i s k  and u n c e r t a i n t y  s u r r o u n d i n g  t h e  
f u t u r e  t h a t  g i v e s  r i s e  t o  t h e  " s o c i a l "  b e n e f i t s  f rom a  
w e l l  d e v e l o p e d  f u t u r e s  m a r k ~ t .  T h e s e  b e n e f i t s  i n  t h e  f u t u r e s  
m a r k e t  a r e  t h e  l o w e r e d  c o s t s  o f  p r o d u c t i o n ,  m a r k e t i n g ,  ace 
p r o c e s s i n g  owing t o  t h e  r e d i s t r i b u t i o n  o f  r i s k  away f rom p r o -  
d u c e r s ,  p r o c e s s o r s ,  e t c . ,  t o  t h o s e  w i l l i n g  t o  i n v e s t  i n  a s s e t s  
w i t h  a n  u n c e r t a i n  f u t u r e  v a l u e .  The consumer i n  t u r  may ben- 
e f i t  f rom l o w e r e d  s p o t  p r i c e s .  
To b e  s u r e ,  any s y s t e m  a ; b e  a b u s e d  by v i o l a t i n g  i t s  
o p e r a t i n g  r u l e s .  Our p u r p o s e  h e r e  i s  n o t  t o  a s s e s s  t h e  r e l a -  
1-3 
t i v a  immunity o f  d i f f e r e n t  market  p r o c e s s e s  f rom p o s s i b l e  
abuse.  Ra the r ,  o u r  purpose  h e r e  i s  t o  d e v e l o p  an  u n d e r s t a n d i n g  
of  how t h e  s p o t  and f u t u r e s  marke t s  f o r  a g r i c u l t u r a l  commodi- 
t i e s  o p e r a t e  and i n t e r a c t ,  w i t h  s p e c i a l  emphasis  on  t h e  impact  
o f  c r o p  f o r e c a s t  i n f o r m a t i o n  and i n t e r n a t i o n a l  t r a d e  on t h e  
c o o r d i n a t i o n  o f  t h e  Uni ted S t a t e s  a g r i c u l t u r a l  commodit ies  
marke ts  and t o  e s t i m a t e  t h e  b e n e f i t s  t o  s o c i e t y  from improved 
c r o p  f o r e c a s t  i n fo rma t ion .  
8. Problem S ta t emen t  
A t  t h e  h e a r t  o f  commodity p r i c e  d e t e r m i n a t i o n  is t h e  
accu racy  w i t h  which f u t u r e  demands and s u p p l i e s  can  be  f o r e -  
seen.  Here, two t y p e s  of i n f o r m a t i o n  a r e  of s p e c i a l  importance 
t o  t h e  c o o r d i n a t i o n  of i o m e s t i c  commodity marke ts :  t h e  accu- 
r a c y  of  domes t i c  c r o p  p r o j e c t i o n s  and t h e  a c c u r a c y  o f  n e t  
e x p o r t  f o r e c a s t s .  
Even when f o r e i g n  n e t  e x p o r t s  a r e  n o t  a  l a r g e  p e r c e n t a g e  
of domes t i c  h a r v e s t s  and/or  s t o c k s ,  t h e  i n f o r m a t i o n  abou t  
t h e i r  l i k e l y  f u t u r e  p r o f i l e  i s  markedly less a v a i l a b l e ,  accu- 
r a t e  and t i m e l y  t h a n  s i m i l a r  i n f o r m a t i o n  abou t  f u t u r e  domes t i c  
demands and s u p p l i e s .  For  t h i s  r e a s o n *  it h a s  been a rgued  t h a t  
n e t  e x p o r t s  o f t e n  have a l a r g e  d i s t u r b i n g  i n f l u e n c e  on domes- 
t i c  s p o t  and f u t u r e s  p r i c e  movements. I n  a  s i m i l a r  v e i n ,  t h e  
more a c c u r a t e  a r e  domes t ic  c r o p  p r o j e c t i o n s ,  t h e  more e f f i c i e n t  
( c o o r d i n a t e d )  t h e  i n t e r t e m p o r a l  d i s t r i b u t i o n  o f  s u p p l i e s  t o  
meet l i k e l y  demands. I n s o f a r  a s  more a c c u r a t e  c r o p  p r o j e c -  
t i o n s  improve market  e f f i c i e n c y ,  and improved marke t  e f f i c i e n c y  i s  
r e f l e c t e A  by an a p p r o p r i a t e l y  a l t e r e d  s e t  o f  p r i c e s ,  improved 
i n f o r m a t i o n  w i l l  be  r e f l e c t e d  i n  market  p r i c e s .  R e f l e c t i o n *  
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however, is E O ~  synonymous w i t h  u s e f u l  u n d e r s t a n d i n g .  Nore- 
o v e r ,  improvements may have  o c c u r r e d  i n  domes t i c  c r o p  f o r e c a s t s ,  
y e t  t h e  impact  on p r i c e s  may have been  masked by contempora- 
neous,  b u t  u n r e l a t e d ,  i n s t i t u t i o n a l  s h i f t s  and /o r  o t h e r  f a c t o r s .  
The purpose  of t h i s  s t u d y  i s  f o u r f o l d .  F i r s t ,  t o  s k a c i -  
f y  t h e  g e n e r a l  i n t e r d e p e n d e n t  s t r u c t u r e  of  t h e  s p o t  and  f u t u r e s  
marke t s  i n  a n  e f f o r t  b e t t e r  t o  u n d e r s t a n d  t h e  marke t  p r o c e s s  
and t h e  f a c t o r s  i n f l u e n c i n g  it. Second, t o  measure  t h e  impac t  
o f  c r o p  f o r e c a s t  improvement and n e t  e x p o r t  demand on domes t i c  
p r i c e s .  T h i r d ,  t o  d e v e l o p  an  e m p i r i c a l l y  s u p p o r t e d  f o r m u l a t i o n  
from which t o  a s s e s s  t h e  b e n e f i t s  a c c r u i n g  to  s o c i e t y  f r o m  
improved c r o p  p r o j e c t i o n s .  F i n a l l y  t o  d e v e l o p  a n  e m p i r i c a l l y  
s u p p o r t e d  f o r m u l a t i o n  from which t o  assess government a g r i c u l -  
t u r a l  p o l i c y  a c t i o n s .  
C. Scope of  Work 
T h i s  s t u d y ,  of c o u r s e ,  c anno t  a t t e m p t  t o  t i e  t o g e t h e r  
t h e  myriad i n t r i c a c i e s  of t h e  U . S .  s p o t  and f u t u r e s  m a r k e t s  f o r  
a g r i c u l t u r a l  commodities.  Our aim i n s t e a d  is  t o  u s e  Occam's 
r a z o r  j u d i c i o u s l y  t o  s t r u c t u r e  o u r  e f f o r t  i n  such  a  way a s  t o  
s a t i s f y  o u r  g o a l s  w i t h o u t  i n t r o d u c i n g  l a r g e  e r r o r s  
and a t  t h e  same t i m e  to keep  a w a t c h f u l  e y e  on t h e  t r a c t a b i l i t y  
~f o u r  c o n s t r u L n t .  With t h i s  a s  o u r  p r i n c i p a l  o p e r a t i n g  t h e s i s ,  
we have adop ted  t h e  f o l l o w i n g  conven t ions .  
F i r s t ,  we f o l l o w  Samuelson [ 7 2  I and d e v e l o p  a g g r e g a t e  
s t r u c t u r e s  between g roups  b u i l t  up from r e a s o n i n g  a b o u t  i n d i -  
v i d u a l s .  Tha t  is n o t  t o  s a y  t h a t  o u r  c o n s t r u c t s  may b e  viewed 
w i t h  c o m p l e t e  d i s r e g a r d  o f  t h e  d i f f e r e n c e s  be tween  "macroa 
a n d  "microm p a t t e r n s  of b e h a v i o r .  R a t h e r ,  it i s  to  s a y  t h a t  
m a r k e t  demand a n d  s u p p l y  s t r u c t u r e s  c a n  b e  f o r m u l a t e d  f rom t h e  
t e n e t s  o f  a i c r o e c o n o m i c  t h e o r y  a n d  p r o v i d e  f r u i t f u l  r e s u l t s  
w i t h o u t  s e r i o u s  p r o b l e m s  o f  a g g r e g a t i o n .  
Second,  a  commodity is treated as  homogeneous. T h a t  is, 
no  d i s t i n c t i o n  is made as t o  t h e  t y p e  o f  w h e a t  or t y p e  o f  soy-  
b e a n  and  d i f f e r e n c e s  i n  t h e i r  n u t r i t i o n a l  v a l u e s ,  T h e s e  d i f -  
f e r e n c e s ,  though  t h e y  e x i s t ,  and  u l t i m a t e l y  are i m p o r t a n t ,  are 
s e c o n d a r y  t o  the main o b j e c t i v e s  o f  t h i s  s t u d y ,  
T h i r d ,  f o r e i g n  demand o r  s u p p l y  a r e  combined i n t o  n e t  
e x p o r t s  a n d  n o  a t t e m p t  is made t o  d e v e l o p  separate mode l s  f o r  
d i f f e r e n t  r e g i o n s  o r  c o u n t r i e s -  T h a t  i s  n o t  t o  s a y  t h a t  t h e  
p r e s e n t  model d o e s  n o t  c o n s i d e r  f a c t o r s  t h a t  are  d e p e n d e n t  o n  
o r i g i n - d e s t i a a t i o n  pai rs ,  s u c h  a s  t r a n s p o r t a t i o n  costs and per 
c a p i t a  f o o d  p r o d u c t i o n .  R a t h e r ,  i t  is t o  s a y  t h a t  these f a c -  
t o r s  w i l l  be t rea ted  a s  exogeneous  t o  t h e  m a i n s t r e a m  o f  t h e  
a n a l y s i s .  
F o u r t h ,  i n  o r d e r  t o  s h e d  l i g h t  o n  t h e  s t r u c t u r a l  d i f f e r -  
e n c e s  between l o n g  a n d  s h o r t - r u n  movements i n  commodity 
p r i c e s ,  t h e  e m p i r i c a l  mode l s  d i s t i n g u i s h  be tween  t r e n d / c y c l e  
a n d  s e a s o n a l  r e l a t i o n s h i p s .  
F i f t h ,  w i t h  minor  e x c e p t i o n s ,  t h e  s t r u c t u r a l  r e l a t i o n -  
s h i p s  a r e  l i n e a r ,  e i t h e r  as a d i r e c t  s t a t e m e n t  o r  a s  a n  approx-  
i m a t i o n  t o  a h i g h e r  o r d e r  m a l a t i o n s h i p .  
S i x t h ,  t h e  b e h a v i o r a l  r e l a t i o n s h i p s  c o n t a i n  a s t o c h a s t i c  
r e s i d u a l  v a r i a b l e  r e f l e c t i n g  t h e  n e t  i n f l u e n c e  o f  n e g l e c t e d  
v a r i a b l e s ,  measurement errors, and  t h e  randomness i n  human 
r e sponse  o r  some combina t ion  o f  t h e s e  f a c t o r s .  These v a r i a b l e s  
are a s s u r e d  to  b e  independen t  of t h e  v a r i a b l e s  de t e rmined  
o u t s i d e  t h e  model, i ndependen t  of each  o t h e r ,  and  t o  have 
s t a t i o n a r y  d i s t r i b u t i o n s  o v e r  t i n e .  
D. O r g a n i z a t i o n  o f  The S tudy  
The p a p e r  is o r g a n i z e d  as fo l lows :  I n  S e c t i o n  X I ,  w e  
summarize o u r  n o d e l i n g  e f f o r t s ,  p o l i c y  c o n c l u s i o n s ,  and r e c o r -  
mendat ions  f o r  f u r t h e r  r e s e a r c h .  I n  S e c t i o n  111, w e  p r e s e n t  
o u r  g e n e r a l  rode: o f  t h e  domestic s p o t  and f u t u r e s  marke t s  f o r  
a commodity. Here, t h e  r o l e  o f  e x p e c t a t i o n s ,  i n f o r m a t i o n ,  and  
n e t  e x p o r t s  is set f o r t h  i n  t h e  s u p p l y  and demand s t r u c t u r e s  
d e s c r i b i n g  t h e s e  marke ts .  Our e m p i r i c a l  r e s u l t s  are p r e s e n t e d  
i n  S e c t i o n  I V .  For t h i s  p r e l i m i n a r y  i n v e s t i g a t i o n ,  we focused  
on domes t i c  s p o t  and  f u t u r e s  marke t s  for wheat  and soybeans.  
~ s t i m a t e s  o f  p o t e n t i a l  ERS b e n e f i t s  t o  s o c i e t y  and s e l e c t e d  
p o l i c y  i s s u e s  a r e  d i s c u s s e d  i n  S e c t i o n  V. I n c l u d e d  h e r e  are 
estimates o f  t h e  a n n u a l  b e n e f i t s  o f  improved c r o p  f o r e c a s t  
i n f o r m a t i o n  on  soybeans  and  wheat  and how t h e s e  improvements 
may e f f e c t  government a g r i c u l t u r a l  p o l i c i e s .  I n  
S e c t i o n  V I ,  w e  p r e s e n t  o u r  g e n e r a l  c o n c l u s i o n s  and  recomaenda- 
t i o n s  for f u r t h e r  r e s e a r c h .  F i n a l l y ,  a  s e l e c t e d  s e t  of 
r e f e r e n c e s  is p r e s e n t e d  i n  the B ib l iog raphy .  
I EXECUTIVE SUMMARY 
Our econometr ic  i n v e s t i g a t i o n  i n t o  t h e  marke ts  f o r  a g r i -  
c r - J ~ u r a l  commodities is  summarized h e r e  i n  t h r e e  p a r t s .  The 
f i r s t  p a r t  is a n  overview o f  t h e  e f f o r t  i n c l u d i n g  t h e  ob jec -  
t i .ves ,  s cope ,  and a r c h i t e c t u r e  o f  t h e  a n a l y s i s  and  t h e  est i -  
mat ion s t r a t e g y  employed. Second, t h e  major  e m p i r i c a l  r e s u l t s  
an6 p o l i c y  c o n c l u s i o n s  a r e  set f o r t h .  These r e s u l t s  and con- 
c l u s i o n s  f o c u s  on t h e  economic impor tance  of i np roved  c r o p  
f o r e c a s t s ,  U.S. e x p o r t s ,  and government p o l i c y  o p e r a t i o n s .  
F i n a l l y ,  a number of p romis ing  avenues  o f  f u r t h e r  i n v e s t i g a -  
tion a r e  sugges t ed .  
A .  A Model o f  The Commodities Markets  
1. Purpose  and S t r u c t u r e  
T?--re were f o u r  g e n e r a l  o b j e c t i v e s  of t h i s  s t u d y :  
To s p e c i f y  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  a g r i -  
c u l t u r a l  commodities marke t s  i n  o r d e r  t o  
better unde r s t and  t h e  market  p r o c e s s ,  w i t h  
- - e c i a l  emphasis  on t h e  i n f l u e n c e  of c r o p  
f o r e c a s t  i n f o r m a t i o n  and f o r e i g n  t r a d e .  
To measure t h e  i n f l u e n c e  of c r o p  f o r e c a s t s  
and n e t  e x p o r t  demand on domes t ic  a g r i c u l t u r a l  
coamodity p r i c e s .  
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To d e v e l o p  a n  e m p i r i c a l l y  s u p p o r t e d  s t r u c t u r e  
from which t o  a s s e s s  t h e  marke t  i m p a c t s  o f  
government p o l i c y  a c t i o n s .  
To p r o v i d e  i n f o r m a t i o n  needed t o  weigh t h e  
b e n e f i t s  o f  improved c r o p  p r o j e c t i o n s  t o  
s o c i e t y ,  and t o  i d e n t i f y  l i n k a g e s  and gu ide -  
l i n e s  f o r  an a n a l y s i s  o f  t h e  wor ld  commodity 
marke t s ,  
The s t u d y ,  of c o u r s e ,  d i d  n o t  a t t e m p t  t o  t i e  t o g e t h e r  
t h e  myriad i n t r i c a c i e s  of t h e  U.S. s p o t  and f u t u r e s  m a r k e t s  i n  
o r d e r  t o  r e s o l v e  t h e  above i s s u e s  i n  minu te  d e t a i l .  Da ta  con- 
s i d e r a t i o n s  a l o n e  r u l e  o u t  s u c h  an  a m b i t i o u s  t a s k .  Recogniz ing  
t h e  e m p i r i c a l  c o n s t r a i n t s  on o u r  m i s s i o n ,  o u r  r e s e a r c h  s t r a t e g y  
w a s  aimed a t  r o b u s t  f i n d i n g s  and c o n c l u s i o n s  a b o u t  m a j o r  
i s s u e s ,  l e a v i n g  more d e t a i l e d  a n a l y s e s  of s e c o n d a r y  i s s u e s  f o r  
some f u t u r e  s tudy .  With t h i s  o p e r a t i n g  t h e s i s  i n  mind,  w e  
i n t e g r a t e d  t h e  t h r e e  major  a n a l y t i c a l  d imens ions  o f  t h e  s t u d y  
w i t h o u t  l o o s i n g  s i g h t  o f  o u r  e m p i r i c a l  i m p e r a t i v e .  The t h r e e  
a n a l y t i c a l  d imens ions  a t  t h e  c o r e  of t h e  s t u d y  a r e :  
The b a s i c  marke t  i n f l u e n c e s  and t h e i r  a v e n u e s  
of i n t r o d u c t i o n .  Here ,  t h e  p r i n c i p a l  t a s k  was 
t o  i d e n t i f y  t h e  v a r i o u s  f a c t o r s  a c t i n g  t h r o u g h  
s u p p l y ,  demand, and g e n e r a l  economic c o n d i t i o n s  
on t h e  s p o t  and  f u t u r e s  marke t s .  
The . r i n c i p a l  b e h a v i o r a l  h y p o t h e s e s  a n d  i n s t i -  
t u t i o n a l  c h a r a c t e r i s t i c s .  T h e s e  r e l a t i o n s h i p s  
a n d  a n a l y t i c  c o n s t r u c t s  t i e  t o g e t h e r  t h e  v a r i o u s  
m a r k e t  i n f l u e n c e s  i n t o  a f o r m a l  p o r t r a i t  o f  t h e  
a g r i c u l t u r a l  commodi t i e s  m a r k e t s .  
a The d i s t i n c t i o n  be tween  long-  a n d  s h o r t - r u n  de-  
c i s i o n s  and  p a t t e r n s  o f  m a r k e t  b e h a v i o r .  T h i s  
d i s t i n c t i o n  is c r u c i a l  i n  o r d e r  t o  we igh  p r o p e r l y  
t h e  i m p a c t s  a n d  i n c i d e n c e  o f  exogenous  i n f l u e n c e s  
o n  t h e  commodi t i e s  m a r k e t s .  
With  r e s p e c t  t o  t h e  f i r s t  d i m e n s i o n ,  t h e  m a r k e t  f a c t o r s  
s t u d i e d  i n c l u d e d  d o m e s t i c  c o n s u m p t i o n ,  n e t  e x p o r t s ,  government  
s t o c k p i l i n g ,  d o m e s t i c  a n d  f o r e i g n  p r o d u c t i o n ,  s t o c k  a d j u s t m e n t s  
i n  t h e  p r i v a t e  s e c t o r ,  government  p a r i t y  p r i c e  o p e r a t i o n s ,  
commodity s u b s t i t u t e s  and  complements ,  and  g e n e r a l  eeonomic  
c o n d i t i o n s  s u c h  a s  t h e  a v a i l a b i l i t y  o f  c r ed i t  a n d  t h e  r a t e s  o f  
i n f l a t i o n  o f  commodi t i e s  and f a r m  p r o d u c t i o n  i t e m s .  
N a t u r a l l y ,  t h e  f a c t o r s  i n f l u e n c i n g  demand a n d  s u p p l y  
were  s e t  f o r t h  s e p a r a t e l y  f o r  t h e  s p o t  a n d  f u t u r e s  m a r k e t s .  
Al though  t h e s e  m a r k e t s  h a v e  many f a c t o r s  i n  common, t h e r e  a r e  
t h r e e  n o t a b l e  d i f f e r e n c e s  t h a t  w a r r a n t  some comment h e r e .  
F i r s t ,  t h e  f u t u r e s  m a r k e t ,  u n l i k e  t h e  s p o t  m a r k e t ,  i s  s u b j e c t  
t o  i n s t i t u t i o n a l  c o n s t r a i n t s  on m a r k e t  p r i c e  f l u c t u a t i o n s .  
S e c o n d l y ,  t h e  s p o t  m a r k e t  i s  c o n c e r n e d  w i t h  t h e  s p a t i a l  
d i s t r i b u t i o n  of known s u p p l i e s  among c u r r e n t  demands w h i l e  t h e  
f u t u r e s  market  is  concerned  w i t h  t h e  i n t e r t e m p o r a l  d i s t r i b u -  
t i o n  of unknown b u t  expec ted  f u t u r e  s u p p l i e s  a g a i n s t  expec t ed  
f u t u r e  4emands. Thus, f a c t o r s  i n f l u e n c i n g  e x p e c t a t i o n s ,  such  
a s  cro? f o r e c a s t s ,  w i l l  have a  p r imary  e f f e c t  i n  t h e  f u t u r e s  
market  b u t  a n  i n d i r e c t  e f f e c t  i n  t h e  s p o t  marke t .  T h i r d ,  
f u t u r e s  c o n t r a c t s  e n t e r e d  i n t o  may n o t  b e  covered .  T h a t  is ,  
e a c h  f u t u r e s  c o n t r a c t  e n t e r e d  i n t o  may n o t  be matched by  a n  
e q u a l  and o f f s e t t i n g  f u t u r e s  c o n t r a c t  o r  f u l f i l l e d  by d e l i v e r y .  
These c h a r a c t e r i s t i c s  make an a n a l y t i c a l  d i s t i n c t i o n  
between t h e  s p o t  arld f u t u r e s  marke t s  i m p e r a t i v e .  To b e  s u r e ,  
t h e  two m a r k e t s  a r e  i n t e r a c t i v e  s i n c e  f u t u r e  p u r c h a s e s  o r  s a l e s  
may b e  viewed a s  s u b s t i t u t e s  o r  complements f o r  c u r r e n t  pur-  
c h a s e s  o r  s a l e s .  However, some " s t a g i n g "  of  t h e  commodit ies  
marke t s  i s  n e c e s s a r y ;  n o t  o n l y  t o  g e t  a  c l e a r  p i c t u r e  o f  how 
and when t h e  v a r i o u s  marke t  p a r t i c i p a n t s  r e a c t  t o ,  or  i n f l u -  
ence ,  t h e  a c t i o n s  o f  o t h e r s ,  b u t  a l s o  f o r  t h e  t r a c t a b i l i t y  o f  
t h e  model. 
The b e h a v i o r a l  hypo theses  invoked  t o  t i e  t o g e t h e r  t h e  
v a r i o u s  marke t  f a c t o r s  i n t o  a  p o r t r a i t  o f  t h e  commodit ies  
marke ts  f a l l  i n t o . t w o  broad  c a t e g o r i e s :  g e n e r a l  economic con- 
c e p t s  t h a t  a r e  n o t  i n t r i n s i c  t o  t h e  commodit ies  m a r k e t s  and 
c o n s t r u c t s  s p e c i f i c  t o  t h e s e  marke t s .  The g e n e r a l  a s sumpt ions  
i n c l u d e  t h e  f o l l o w i n g :  
I n v e s t m e n t  d e c i s i o n s  a r e  b a s e d  on b o t h  
r e t u r n  and  r i s k  c o n s i d e r a t i o n s .  
I n t e r t e m p o r a l  d e c i s i o n s  are b a s e d  i n  p a r t  on 
on e x p e c t a t i o n s  and t h e s e  e x p e c t a t i o n s  may 
b e  i n f l u e n c e d  by known t e c h n i c a l  f o r e c a s t s  
o f  p h y s i c a l  ou tcomes .  
The r a t e  of change  i n  p r i c e s  i s  d e t e r m i n e d  
by  i m b a l a n c e s  be tween  s u p p l y  a n d  demand. 
F u t u r e  v a l u e s  a r e  d i s c o u n t e d  b a c k  t o  t he  
p r e s e n t .  
The h y p o t h e s e s  i n t r i n s i c  t o  t h e  c o m m o d i t i e s  m a r k e t s  
i n c l u d e :  
F u t u r e s  p r i c e s  on t h e  a v e r a g e  t e n d  t o  b e  r e l i a b l e  
e s t i m a t e s  of  what  s h o u l d  b e  e x p e c t e d  o n  t h e  
basis  o f  a v a i l a b l e  i n f o r m a t i o n  c o n c e r n i n g  
p r e s e n t  and  f u t u r e  demand and  s u p p l y .  However, 
t h e s e  p r i c e s  may n o t  r e f l e c t  m a r k e t  e x p e c t a t i o n s  
a t  e a c h  p o i n t  i n  t i m e  owing t o  t e c h n i c a l  
r i g i d i t i e s  i n  t h e  m a r k e t s '  r e s p o n s e  t o  c h a n g e s  
i n  i n f o r m a t i o n  on s u p p l y  a n d  demand p r o s p e c + s .  
F u t u r e s  p r i c e s  change  i n  r e s p o n s e  t o  m a r k e t  
i m b a l a n c e s  be tween  s h o r t  h e d g i n g  a n d  l o n g  
s p e c u l a  t i o n .  
I n t e r t e m p o r a l  p r i c e  s p r e a d s  r e f l e c t ,  i n  p a r t ,  
t h e  c o s t s  o f  s t o r a g e  and decay.  
F i n a l l y ,  w i t h  r e g a r d  t o  t h e  t h i r d  d imens ion ,  w e  assumed: 
The c a u s a l  s t r u c t u r e s  of long-run p a t t e r n s  
o f  b e h a v i o r  a r e  d i s t i n c t  f rom t h e i r  s h o r t -  
r u n  c o u n t e r p a r t s .  
Wi th in  t h i s  framework,  t h e  number of p o s s i b l e  a n a l y t i c a l  
c o n s t e l l a t i o n s  o r  s p e c i f i c  models t h a t  c a n  b e  c o n s t r u c t e d  i s  
enormous. Moreover,  a s  i l l u s t r a t e d  i n  F i g u r e  11.1, t h e  number 
of  i n t e r a c t i o n s  c o n t a i n e d  i n  any  one  c o l l e c t i o n  of h y p o t h e s i z e d  
s t r u c t u r e s ,  f a c t o r s ,  e t c . ,  i s  f o r m i d a b l e .  A s  can  be s e e n ,  e a c h  
of  t h e  major  d imens ions  o r  a x e s  i s  f u r t h e r  r e s o l v e d  l e a d i n g  t o  
a  v i r t u a l  " c u r s e  o f  d i m e n s i o n a l i t y " .  
I n  keep ing  w i t h  o u r  o p e r a t i n g  t h e s i s ,  t h e  myriad p o s s i b l e  
r e l a t i o n s h i p s  have been combined i n t o  more g e n e r a l  c o n s t r u c t s  
t h a t  t r a n s m i t  t h e  major  a n a l y t i c a l  d i a l o g u e  between t h e  v a r i o u s  
market  f o r c e s  and  f a c t o r s .  I t  i s  f rom t h e s e  f o u n d a t i o n s  t h a t  
t h e  e m p i r i c a l  e f f o r t  was launched .  
The p r o d u c t  of o u r  b l e n d i n g  o f  b e h a v i o r a l  h y p o t h e s e s  and 
marke t  i n f l u e n c e s  i s  summarized i n  a  s i z e a b l e  s e t  o f  e q u a t i o n s ,  
i d e n t i t i e s ,  and c o n s t r a i n t s .  The f u l l  s i m u l t a n e o u s  i n t e r a c t i o n  
o f  t h i s  model i s  s e t  f o r t h  i n  t h e  main body o f  t h e  s t u d y  and a  
d e t a i l e d  r e d e s c r i p t i o n  i s  beyond t h e  s cope  o f  t h i s  s e c t i o n .  
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However, t he  dominant c h a r a c t e r i s t i c s  of th9 model a r e  por- 
t rayed  i n  t h e  flow diagram presented i n  Figure 1 1 . 2 .  Here, 
t h e  p r i n c i p a l  s t r u c t u r a l  l inkages  and d i r e c t i o n s  of c a u s a l i t y  
t h a t  def ine  t h e  a r c h i t e c t u r e  of t h e  model a r e  i l l u s t r a t e d .  
The l i n e s  connecting t h e  major v a r i a b l e s  of i n t e r e s t  i n d i c a t e  
t h e  s t r u c t u r a l  l inkages ,  and the  arrows denote t h e  major d i -  
r e c t i o n s  of in f luence  o r  c a u s a l i t y .  The s imu l t ane i ty  of t h e  
model can be v e r i f i e d  by s t a r t i n g  a t  any po in t  ( v a r i a b l e )  i n  
t h e  mainstream of t h e  model (any one of those  v a r i a b l e s  de- 
termined wi thin  the  model) and fol lowing t h e  arrows f u l l  
course through the  modal back t o  t he  s t a r t i n g  po in t .  
For t h e  most p a r t ,  t h e  flow diagram does not  i l l u s t r a t e  
t h e  numerous exogenous i n f luences  t h a t  feed t h e  va r ious  
s t r u c t u r e s .  The except ions  t o  t h i s  pedagogical s t y l i s t i c  
a r e  t he  major "pol icy"  va r i ab l e s .  These v a r i a b l e s  a r e  govern- 
ment exPorts t  gevernment domestic purchases ( o r  s a l e s )  
and United S t a t e s  Department of Agricul ture  crop product ion 
f o r e c a s t s .  
In  Figure  11.3, t he  a n a l y t i c a l  "bottom l i n e "  of t h e  model 
i s  i l l u s t r a t e d  w i t h  r e spec t  t o  t h e  major po l icy  v a r i a b l e s .  
The do t ted  l i n e s  r ep re sen t  i n d i r e c t  connections between t h e  
assoc ia ted  va r i ab l e s .  The s o l i d  l i n e s  denote d i r e c t  impacts 
f r e e  af  in te rmedia te  ac t i ons  and t rans format ions .  A s  can be 
seen,  fac t .ors  in f luenc ing  n e t  p r i v a t e  expor t s  i n f luence  cu r r en t  
spo t ,  o r  cash,  p r i c e s  a s  do government CCC l oans ,  purchases,  
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Figure  II. 2 Flow Diagram of the  Spot and Fu tu r e s  
Markets  Models for  Agricultural  Commodities 
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and  s a l e s .  Crop  f o r e c a s t s  e n t e r  t h e  f u L u r e s  m a r k e t  d i r e c t l y  
a s  a  d r i v i n g  f o r c e  b e h i n d  m a r k e t  e x p e c t a t i o n s .  T h e s e  f o r e -  
c a s e s ,  i n  t u r n ,  i n f l u e n c e  t h e  c a s h  m a r k e t  i n d i r e c t l y  t h r o u g h  t h e  
i n f l u e n c e  o f  f u t u r e s  p r i c e s  o n  t h e  s p o t  m a r k e t .  The  e m p i r i c a l  
o b j e c t i v e s ,  of c o u r s e ,  w e r e  t o  measure  t h e  t i m i n g  a n d  r e s p o n s -  
i v e n e s s  of  d o m e s t i c  prices t o  i m p r o v a n e n t s  i n  c r o p  forecasts  
( r e d u ~ e d  error . - a r i a b i l i t y )  , government  CCC o p e r a t i o n s ,  a n d  
c h a n g e s  i n  the i n t e r n a t i o n a l  f o o d  s i t u a t i o n .  
2.  E s t i m a t i o n  S t r a t e g y  
E s t i m a t i n g  t h e  v a r i a b l e s  o f  t h e  model  p r e s e n t e d  a  
number o f  p r a c t i c a l  and  m e t h o d o l o g i c a l  d i f f i c u l t i e s .  The so- 
c a l l e d  p r a c t i c a l  p r o b l e m s  c e n t e r e d  a r o u n d  t h e  d a t a  r e q u i r e m e n t s .  
I n  o r d e r  t o  d i s t i n g u i s h  be tween  l o n g -  a n d  s h o r t - t e r m  p a t t e r n s  
o f  b e h a v i o r  d a t a  w i t h  a  month ly  f r e q u e n c y  w e r e  s e l e c t e d .  
However, many o f  t h e  d a t a  s e r i e s  were  i n c o n s i s t e n t  o r  non- 
e x i s t e n t .  I n  t h e  l a t t e r  case, r e p r e s e n t a t i v e  m o n t h l y  se r ies  
were c o n s t r u c t e d  f rom q u a r t e r l y  d a t a  u s i n g  a c c o u n t i n g  i d e n t i t i e s  
a n d / o r  l i n e a r  p r o r a t i n g  schemes .  I n  t h e  f o r m e r  case, t h e  mos t  
i m p o r t a n t  d a t a  c o n s t r u c t  was a  f u t u r e s  p r i c e  i n d e x .  T h e r e  a r e  a 
number o f  d i f f e r e n t  f u t u r e s  p r i c e s  f o r  a commodity,  e a c h  
d i s t i n g u i s h e d  by t h e  c o n t r a c t  d a t a .  However, t h e  volume o f  
f u t u r e s  c o n t r a c t s  is r e p o r t e d  a s  a  t o t a l  f i g u r e  a n d  i s  n o t  
d i s t i n g u i s h e d  as t o  t h e s e  c o n t x a c t  d a t e s .  T h i s  i n c o n s i s t e n c y ,  o f  
c o u r s e ,  m a k e s  some form o f  " p r i c e  i n d e x "  a n e c e s s i t y .  W e  d i d  n o t  
a t t e m p t  t o  d e v e l o p  a n  o p t i m a l  p r z c e  i n d e x  h e r = .  I n s t e a d ,  t h e  g e n e r a l l y  
a c c e p t e d  " n e a r  f u t u r e s "  p r i c e  was employed a s  t h e  r e p r e s a n t a -  
t i v e  p r i c e .  
I n  a d d i t i o n  t o  t h e  prob lems  of  d a t a  c o n s t r u c t i o n ,  t h r e e  
me thodo log ica l  i s s u e s  w a r r a n t  s o m e  ment ion.  F i r s t ,  t h e  i d e n t -  
i f i c a t i o n  o f ,  and d i s t i n c t i o n  between,  long-  and s h o r t - r u n  
p a t t e r n s  o f  b e h a v i o r .  Secondly ,  t h e  i d e n t i f i c a t i o n  of t h e  
dynamic s t r u c t u r e s  t o  b e  e s t i m a t e d .  F i n a l l y ,  t h e  i n t e r d e p e n d -  
ence  of  t h e  s t r u c t u r e s  and t h e i r  s i m u l t a n e o u s  e s t i m a t e s .  
a .  Frequency Band n o d e l  B u i l d i n g :  
The D i s t i n c t i o n  Between t h e  Long- and  Short-Run 
The model p r e s e n t e d  i n  t h e  p r e c e d i n g  s e c t i o n  
must be  s p e c i f i e d  w i t h  r e s p e c t  t o  t h e  l e n g t h  o f  t h e  d e c i s i o n  
i n t e r v a l  unde r  c o n s i d e r a t i o n  (days ,  weeks,  e tc . ) .  D e c i s i o n  
r u l e s  c o n v e n t i o n a l l y  a r e  d e f i n e d  r e l a t i v e  t o  a  s p e c i f i c  t i m e  
h o r i z o n  s i n c e  t h e  c a u s a l  s t r u c t u r e  of t h e  d e c i s i o n  p r o c e s s  may 
d i f f e r  w i t h  t h e s e  v a r i o u s  t i m e  p e r s p e c t i v e s ,  The l a t t e r  
a s s e r t i o n ,  o f  c o u r s e ,  f o l l o w s  d i r e c t l y  f rom t h e  t e n e t s  o f  
microeconomic t h e o r y  where t h e  d i s t i n c t i o n  between t h e  long-  
and s h o r t - r u n  i s ,  f o r  t h e  most p a r t ,  t h e  number, way, and  t y p e  
of v a r i a b l e s  t h a t  e n t e r  a f i r m ' s  o r  consumer ' s  c r i t e r i o n  
f u n c t i o n .  Dynamic c o n s i d e r a t i o n s  s u g g e s t  a n  a d d i t i o n a l  p o i n t  
of e q u a l  impor tance :  a change i n  t h e  d e c i s i o n  p e r s p e c t i v e  may 
comple t e ly  a l t e r  n o t  o n l y  t h e  n a t u r e ,  b u t  a l s o  t h e  d i r e c t i o n  
of  c a u s a l i t y .  
F o l l o w i n g ,  a t  l e a s t  i n  s p i r i t ,  t h e  a p p r o a c h  
t a k e n  by  Labys  a n d  Granger  [ 4 9 1 ,  a n d  s u g g e s t e d  b y  G r a n g e r  a n d  
Hatanaka ( 2 2 1  r e a c h  v a r i a b l e  i n  t h e  model  w a s  s e p a r a t e d  i n t o  
a l o n g - r u n  t r e n d / c y c l e  component a n d  a  s h o r t - r u n ,  s e a s o n a l ,  
and  i r r e g u l a r  component. Long-run t r e n d / c y c l e  a n d  s h o r t - r u n  
s e a s o n a l  a n d  i r r e g u l a r  mode l s  t l e n  were estimated s e p a r a t e l y .  
The c o m p l e t e  t i m e  series p r o f i l e  o f  t h e  model was o b t a i n e d  b y  
combining t h e  t w o  d i s t i n c t  " f r e q u e n c y  b a n d w  mode l s  a f t e r  t h e i r  
e s t i m a t i o n .  
F o l l o w i n g  g e n e r a l l y  a c c e p t e d  p r a c t i c e ,  moving 
a v e r a g e s  ( t h e  low-pass  f i l t e r )  w e r e  employed t o  i so la te  t h e  
t r e n d / c y c l e  movements. S e a s o n a l  movements w e r e  t h e n  o b t a i n e d  
by s u b t r a c t i n g  t h e  t r e n d / c y c l e  component f rom t h e  o r i g i n a l  
ser ies  i n  e a c h  case, w i t h  t h e  a p p r o p r i a t e  d e l e t i o n s  made a t  
t h e  e n d s  o f  t h e  series.  T h i s  a p p r o a c h ,  o f  c o u r s e ,  b e a r s  some 
f a m i l y  r e s e m b l a n c e  t o  more common r a t i o - t o - m o v i n g - a v e r a g e  
f i l t e r i n g  t e c h n i q u e s ,  s u c h  as t h e  C e n s u s  X - 1 1  method,  b u t  d o e s  
y i e l d  s l i g h t l y  d i f f e r e n t  t i m e  series c o n t e n t .  The r e s u l t s  of 
t h e  f i l t e r s  w e  d i d  u s e  w e r e  c a r e f u l l y  c h e c k e d  u s i n g  s p e c t r a l  
t e c h n i q u e s  and  w e r e  found  t o  i s o l a t e  t h e  " t a r g e t e d n  o s c i l l a -  
t i o n s  w i t h o u t  d i s t u r b i n g  o t h e r  o s c i l l a t i o n s  o r  i n t r o d u c i n g  
s p u r i o u s  o n e s .  
b. Dynamic S t r u c t u r e s  and T h e i r  E s t i m a t i o n  
I n  e c o n o n i c s ,  t h e  r e l a t i o n s h i p  be tween  a n  i m -  
p u l s e  and  a r e s p o n s e  r a r e l y  i s  i n s t a n t a n e o u s .  I n s t e a d ,  t h e  
r e sponse  t e n d s  t o  b u i l d  u p  over tins. T:*picaXly, these -dyna- 
m i c '  r e l a t i o n s h i p s  are e x p l a i n e d  by some combina t ion  o f  b o t h  
lagged  dependent  v a r i a b l e s  and d i s t r i b u t e d  l a g s  o n  other ex- 
p l a n a t o r y  v a r i a b l e s .  O f t e n ,  e i t h e r  of t h e s e  l a g  s t r u c t u r e s  
c o n t a i n  an  i n f i n i t e  number o f  pa rame te r s .  However, f o r  p rac -  
t i c a l  pu rposes ,  these r e l a t i o n s h i p s  must be r e p l a c e d  by  'par- 
simonious'  f i n i t e  pa rame te r  approximat ions .  I n  t h i s  r e g a r d ,  
w e  f o l l o v e d  t h e  approach  o f  Box and J e n k i n s  [ 61 t o  i d e n t i f y  
t h e  t r e n d l c y c l e  and  s e a s o n a l  r e l a t i o n s h i p s -  
c. An Approach t o  System E s t i m a t i o n  
A s  n o t e d  e a r l i e r ,  t h e  model deve loped  i n c l u d e s  
a number of  j o i n t l y  dependent  v a r i a b l e s  i n  t h e  s t r u c t u r e .  
T h a t  is t o  s a y ,  many of  the v a r i a b l e s  t o  be " e x p l a i n e d n  a r e  
e x p l a i n e d  i n  p a r t  by o t h e r  v a r i a b l e s  t o  b e  e x p l a i n e d .  These 
i n t e r d e p e n d e n c i e s  can l e a d  t o  s e r i o u s  e s t i m a t i o n  problems i f  
s i n g l e  e q u a t i o n  e s t i m a t i o n  methods a r e  used [58]. However, 
n o t  a l l  sy s t em e s t i m a t i o n  t e c h n i q u e s  were e q u a l l y  d e s i r a b l e .  
Popu la r  e s t i m a t i o n  p r o c e d u r e s  s u c h  a s  two s t a g e  l e a s t  s q u a r e s  
I583 and s i m i l a r  approaches  r e q u i r e  t h e  u s e  of  s o - c a l l e d  
"red*aced form" e q u a t i o n s .  For  medium and l a r g e r  s i z e d  models,  
t h e s e  reduced form e q u a t i o n s  c a n  b e  mammoth r e g r e s s i o n s  t h a t  
exceed t h e  a v a i l a b l e  d e g r e e s  o f  freedom, i.e., t h e r e  a r e  more 
" t h i n g s n  t o  be e x p l a i n e d  t h a n  t h e r e  a r e  p i e c e s  of  i n f o r m a t i o n  
t o  e x p l a i n  them. Moreover, even when t h e r e  a r e  s u f f i c i e n t  
d e g r e e s  of freedom, t h e s e  methods o f t e n  r e q u i r e  an h e r o i c  
number of zero correlation assumptions [ E a l  and/or introduce 
severe problem5 ~f nulticollinearity: either of which can in- 
validate the estimation r3sults. Because of the large number 
of variables in the model, it was necessary to use a method 
that avoids the shortcomings mentioned above, and yet provides 
statistically acceptable results. The method chosen here was 
the Fixed Point approach of Wold [58,9 I .  In esscnc2, the 
Wold approach avoids the reduced form equrtions an& estimates 
the structural parameters within the structures, using an 
iterative least squares procedure. 
3, Empirical Results 
Following the estimation strategy outlined above 
the soybean and wheat models were estimated using monthly f?ata. 
In Tables 11.1 and 11.2 the major impulse-response elasticities 
in each model are summarized, The elasticities represent the 
net impact of a response overtime and are separated into.the long- 
run/trend cycle and short-run/seasonal irregular impacts and all 
are statistically significant at the 101 level. In general the 
statistical results are most encouraging. The squared correlation 
coefficients on the trend cycle equation all exceed 90 per cent 
and the series of estimation residuals do not exhibit statistically 
significant serial correlation, For the estimating equations for 
the seasonal movements all have squared correlation coefficients 
in excess of fifty per cent and with one technical exception have 
serially uncorrelated residuals. 
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From the estimation results obtained, the following con- 
clusion can be made: 
* The general Structures of ,the spot and futllres 
markets for agricultural commodities are very 
similar as indicated by the elasticities 
presented in Tables XI .l' and I%,.~. That is 
not to say that the impulse response relation- 
ships are identical but rather that the 
structural linkages are similar as hypothesized. 
The accuracyof crop forecasts, as measured 
by their error variation, exert a statistically 
significant influence on the futures market in 
both the long- and short-run. 
o Jiedging activity is closely related to physical 
o Movements in cash or spot prices are closely 
related to movements in physical supplies. 
Net private exports are highly responsive to 
U . S .  prices and per capita foreign food 
production. 
0 Domestic private demands for wheat and soybeans 
are responsive to the spot prices for those 
commodities . 
Production of soybeans and wheat is responsive 
to both cash and futures price,s. 
Prices  of commodities move d i r e c t l y  with * t o p  
forecas t  accuracy. That i s  increases  i n  f o r e c a s t  
inaccuracy lead t o  higher.cornmodity p r i c e s ,  cet*.sia 
paribus and obversely,improvements i n  crop fore-  
c a s t  accuracy lead t o  lower commodity p r i ces .  
A twenty f i v e  per cent  improvement i n  t h e  accuracy 
of soybean and wheat crop.production f o r e c a s t s  
promises tens  of mi l l ions  of d o l l a r s  worth of 
benef i t s  t o  soc ie ty .  
Improved crop production fo recas t s  w i l l . n o t  i n t e r f e r e  
w i t h  U.S. government domestic a g r i c u l t u i a l  pol icy 
objec t ives  and operations.  In  f a c t ,  improved 
crop fo recas t s  w i l l  enhance the  soundness of those 
objec t ives  and the  precis ion of these operat ions.  
Domestic production i s  very responsive t o  p r i c e s  
and increases  i n  foreign demand w i l l  c r e a t e  upward 
pressures on prices. 
Foreign demand f o r  U . S .  soybean 'and wheat c lose ly  
r e f l e c t s  foreign per cap i t a  food production. 
~ e ~ u l a r  seasonal pa t t e rns  .exist  i n  the  fu tu res  
markets $or soybeans and wheat. 
Improved est imates  of foreign food productibn used 
wisely by a l l  t rading p a r t i e s  can lead t o  "pareto 
optimal" exchange wheri ne i the r  par ty  i s  worse o f f  
and a t  l e a s t  one par ty  i s  b a t t e r  off. 
o Failure to discriminate, or use wisely, accurate 
foreign crop production forecasts promises future 
reenactments of the "Pareto suboptimaln wheat 
transaction between the United States and the 
Soviet Union- 
o Long-term credit availability is' an important in- 
fluence in the commodities markets and is influenced 
by inflation and the factors influencing the rate 
of inflation. 
B. Policy Conclusions 
In addition to the specific conclusions presented above 
there are at least two important policy conclusions that warrant 
special mention: these topics are the value of ERS improved 
crop forecast azcuracy and the impact of ERS forecasts on U.S. 
government agricultural policy operations and planning. Each of 
these is summarized in the following paragraphs. 
1. The Value of ERS Improved Crop Forecast Accuracy. 
In Chart 11.4 the improvement ofERS crop forecast 
accuracy over current systems is illustrated, Conservative 
estimates placa the ERS improvement at 25 per cent over current 
projections. Using this assumption benefits estimates were 
calucated using the elasticities in Tables 11.1 and 11.2 
together with 1973 prices and quantities as illustrate In Figure 11.4. 
The calculation of these benefits is illustrated in Figure 11.5. 
I Percent  ~mprovem'ent i n  Annual Product ion  F o r e c a s t  
P e r f e c t  
Acreage 
E s t i m a t i o n  
Source:  
Wood, D. B. 1921 
\ / 5 1  Acreage 
Error i n  Apri / D e c l i n i n g  t o  
April. May June J u l y  August 
Chart 1 1 . 4  I l l u s t r a t i v e  ERS Accuracy Improvement 
1 9 7 3  Q u a n t i t i e s  
Upper Bound 
Lower Bound 
Figure 11.5 The Calculation Benefits 
The e s t i m a t e d  b e n e f i t s  m e a s u r e  i n  t h e  t e n s  o f  m i l l i o n s  of  
d o l l a r s  f o r  b o t h  s o y b e a n 8  a n d  whea t  and  a r e  p r e s e n t e d  i n  T a b l a  
11.3. The u p p e r  bound e s t i m a t e s  c o r r e s p o n d  t o  t h e  d i r e c t  
consumer  b e n e f i t s  u s i n g  t h s  e s t i m a t e d  e l a s t i c i t l r .  .. The l o w e r  
bound b e n e f i t s  a re  Lna d i r e c t  b e n e f i t s  t o  t h e  consumer  u s i n g  
t h e  e l a s t i c i t i e s  b a s e d  on  e s t i m a t i o n  c o e f f i c i e n t s  t w o  s t a n d a r d  
l o c a t i o n s  away f rom t h e  e s t i m a t e d  v a l u e .  A l t h o u g h  t h e  lower 
bound b e n e l l t s  v a l u e s  a r e  n o t  l a r g e  t h e y  a re  s u b s t a n t i a l .  
2 .  Crop  P r o j e c t i o n s  and C o o r d i n a t e d  P o l i c y  A c t i o n s  
A common d o m e s t i c  o b j e c t i v e  o f  t h e  g o v e r n m e n t ,  
o p e r a t i n g  t h r o u g h  t h e  tCC, i s  t o  e n s u r e  a  p a r i t y  p r i c e  f o r  c e r t a i n  
a g r i c u l t u r a l  ccmmodit i  s s u c h  a s  whea t .  The  b a s i c  o p e r a t i n g  r u l e  
f o r  t h e  CCC i s  t o  p u r c h a s e  a commodity when t h e  m a r k e t  p r i c e  
t h r e n t e n s  t o  f a l l  below p a r i t y  and  s e l l  t h e  commodity when p r i c e s  
h a v e  s u r g e d  beyond some p r e d e t e r m i n e d  u p p e r  l i m i t .  T h e s e  a c t i o n s  
+ 
T a b l e  11 .3  E s t i m a t e s  ' o f  Annual  ERS B e n e f i t s  (Baaed 
on  L i k e l y  R e d u c t i o n  i n  Crop P r o d u c t i o n .  
F o r e c a s t  E r r o r  V a r i a t i o n  a s  D e t e r m i n e d  
by D.B .  Wood 1 9 2 1 .  
1 
C r o p  
L 
Soybeans 
Wheat . 
TOTAL 
1 Annual  B e n e f i t s  
Lower Bound 
$ 7 1  m i l l  
3 5  m i l l  
! $106 m i l l  
Upper Bound 
$337 m i l l  
2 1 2  m i l l  
$549 n i l 1  A 
by t h e  government s e r v e  t o  i n c t e a a e  demand i n  t h e  f a rmer  c a s e  and 
i n c r e a s e  supp ly  i n  t h e  l a t t e r .  C e t e r i s  p a r i b u s ,  t h e  r e s u l t s  i n  
t u r n  e x e r t  upward or downward p r e s s u r e b  on p r i c e s .  
Market p r i c e s ,  however, a l s o  r e f l e c t  expec t ed  demands 
and expec t ed  s u p p l i e s .  Because c r o p  f o r e c a s t s ,  and t h e r e f o r e  
expec t ed  s u p p l i e s ,  change f rom month t o  month a s  t h e  h a r v e s t  
draws n e a r  t h e  government may b e  buying  one  month and s e l l i n g  
t h e  n e x t  i n  r e s p o n s e  t o  chanyas  i n  marke t  e x p e c t a t i o n s  owning to  
changes  i n  c r o p  f o r e c a s t s .  
To  t h e  e x t e n t  t h a t  f o r e c a s t  e r r o r s  m a n i f e s t  t h e m s e l v e s  
!.n s p u r i o u s  p r i c e  movements, t h e  government w i l l  buy and s e l l  t h e  
a f f e c t e d  commodity t o  keep  i t s  p r i c e  w i t h i n  hounds. Thus t h e  
governmact a c t s  t o  i n s u l a t e  t h e  market  from f o r e c a s t  "no i se" .  
Obverse ly ,  i f  t h e  f o r e c a s t s  were p e r f e c t  t h e  g o v e r : ~ ? n t  s t i l l  might  
e n t e r  t h e  market  t o  o f f s e t  any  demand-supply imbaiance  v i s  a  v i s  
d e s i r e d  p r i c e s .  ERS i n f o r m a t i o n  of  c o u r s e  w i l l  n o t  a l t e r  t h e s e  ' 
o p e r a t i n g  r u l e s .  The impac t  o f  an ERS sys t em i n  t h e  c o n t e x t  s imp ly  
w i l l  be  t o  r educe  t h e  " n o i s e '  t h e  government must f i l t e r  from t h e  
system.  Thus,  C2S-improved f o r e t a s t s  may e x e r t  a  p a s s i v e  i n -  
f l u e n c e  on government domes t i c  o p e r a t i o n s .  However, t h e r e  t.s one  
way i n  which t h e  ERS n o i s e  r e d u c t i o n  may enhance government 
p o l i c y  o ~ e r a t i o n s .  Every r e d u c t i o n  i n  marke t  n o i s e  improves  
t h a  government ' s  view o f  t h e  marke t  and t h e r e f o r e  h e l p s  t h e  
government d e s i g n  and implement b e t t e r  and more e f f i c i e n t  a g r i -  
c u l t u r a l  p o l i c i e s .  
 he most recent Russian wheat deal illustrates the 
importance of a world-wide b~onitoring system and how such a 
system can assist U.S. agriculture export policies. In early 
t~ mid 1973 the United States opened its wheat supplies to the 
Soviet Union. ~t thi; time it was known that the Soviets would 
experience r serious short fall in wheat production, However, 
a 
the size of the short fall and the potential purchase was not 
known to the market, Recognizing the economic value of an un-• 
informed well intentioned trading partner,the Russians moved 
swiftly and purchased millions of tons of wheat for future de- 
livery at prices that reflected the market's ignorance- Soon 
after the sassive Xussian entry into the market U.S. domestic 
prices soared to record levels. 
* 
In its negotiating with the Soviet Union the United 
States government expected Soviet purchases of up to 10 million 
tons, TPe elasticities presented in Table II.2,and based on 
1960-1971 data,suggest that such a massive increase in demand 
would raise prices by almost 100 per cent. In fact the Soviets 
centracted for 10 million tons of wheat in less than a month and 
went on to purchase at least an additional 2 million tons. Had 
this market impact beer. known by the United States the Russian 
entry into the market could have been phased over a longer period. 
In this way the market could have adapted to each Soviet bid 
and, as prices rose, the Soviet appetite may have been curbed. 
At the least, the Soviets would have shared the first 
operational costs of detente. 
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On t h e  one hand t h e  new round of  i n f l a t i o n a r y  
p r e s s u r e s  b rough t  on by t h e  Russ ian  wheat  d e a l ,  c o u l d  have 
been  reduced  th rough  t h e  i n t e l l i g e n t  s c h e d u l i n g  of  t h e  S o v i e t  
e n t r y  i n t o  t h e  market  by t h e  U.S.  t r a d e  n e g o t i a t o r s .  On the 
o t h e r  hand,  even i f  t h e  U . S .  t r a d e  n e g o t i a t o r s  were n o t  w i s e  t o  
t h e  l i k e l y  marke t  impac t  o f  such  a  t r a n s a c t i o n , t h e  marke t  w a s .  
The problem h e r e ,  o f  c o u r s e ,  i s  t h a t  t h e  U.S. t r a d e  n e g o t i a t o r s  
and t h e  marke t  d i d  n o t  have a c c u r a t e  e s t i m a t e s  o f  Russ i an  de- 
mand;i .e. ,  we d id  n o t  have a c c u r a t e  estimates o f  t h e  s h o r t  f a l l  
i n  t h e  Russ ian  h a r v e s t s .  Had t h i s  i n f o r m a t i o n  been  a v a i l a b l e  
t o  t h e  marke t ,  and t h e  U . S .  t r a d e  n e g o t i a t o r s ,  t h e  marke t  c o u l d  
have  t a k e n  a  r e a l i s t i c  b a r g a i n i n g  p o s i t i o n -  It i s  c l e a r  t h a t  
ERS-type i n f o r m a t i o n ,  t o g e t h e r  w i t h  knowledge of  t h e  marke t  
a n d  i n t e l l i g e n t  b a r g a i n i n g  c o u l d  have s a t i s f i e d  Russ i an  demands 
w i t h o u t  f u l l  s u b s i d i z a t i o n  by t h e  American consumer. 
C. Recommendations f o r  F u r t h e r  Research  
The o p e r a t i n g  t h e s i s  of t h i s  s t u d y  was t o  f o c u s  on 
ma jo r " i s sues  and r o b u s t  f i n d i n g s ;  l e a v i n g  i m p o r t a n t  b u t  s econda ry  
i s s u e s  f o r  f u t u r e  r e s e a r c h .  Among t h e  most i m p o r t a n t  o f  t h e s e  
i s s u e s  and problems a r e  t h e  f o l l o w i n g :  
*Owing t o  t h e  i n t e r d e p e n d e n c i e s  between c r o p  
r r o d u c t i o n  d e c i s i o n s  and  be tween  c r o p  
consum?~t ion  d e c i s i o n s  a  f u l l  complement o f  
a g r i c u l t u r e  o f  commodit ies  s h o u l d  b e  s t u d i e d  
i n  d e t a i l .  
@Because individual crops vary in quality, 
harvest time and final use, considerable 
attention should be directed toward these 
intensive issues to better understand the 
incidence of societal benefits from an ERS 
system for each crop. 
@Differences in tastes, soil fertility and 
harvest time all suggest that foreign 
demand for U.S. agriculturnl commodities be 
investigated with much greater detail so 
as to assess properly the benefits an ERS 
system to all trading partners. 
eFurther work must be done to improve the 
quality of the current data used for 
empirical estimation. Here improved 
sampling procedures and more complete and 
highly resolved records are most important. 
eThe channels of communication that transmit 
production forecast data to the market should 
be studied in detail so as to properly assess 
the value of timeliness in crop forecast 
information. 
*The competitiveness of the domestic markets 
for agricultural commodities should be 
studied ia order to identify possible 
information bottlenecks, 
Bach of these issues is a major topic in itself and 
their absence from this study only ssrves to dilute its 
potential, hevertheless, the findings are substantial and 
argue strongly for the implementation of an ERS system. 
To be sure, the substantial benefits from such a system may 
not be realized owing to the unscrupulous acts of those who 
would restrain trade for private gain or because the infor- 
mation from an ERS system is not used or disseminated wisely. 
Ignorance and wanton abuse, of course, are not reasons to 
refrain from implementing an otherwise beneficial system. 
111. THE COMMODITIES MARKETS: 
A FRAMEWORK FOR A N A L Y S I S  
I n  t h e  f o l l o w i n g  p a r a g r a p h s ,  we p r e s e n t  a g e n e r a l  model 
o f  t h e  d o m e s t i c  s p o t  and  f u t u r s s  m a r k e t s  f o r  a g r i c u l t u r a l  
commodi t i e s .  Our o b j e c t i v e  h e r e  i s  t o  d e v e l o p  a p r a c t i c a l  
u n d e r s t a n d i n g  o f  t h e s e  m a r k e t s ,  w i t h  s p e c i a l  e m p h a s i s  o n  t h e  
i m p a c t s  of i n f o r m a t i o n  improvement  a n d  n e t  e x p o r t s ,  i n  o r d e r  
t o  p r o v i d e  a s y s t e m a t i c  f ramework f o r  e m p i r i c a l  measurement  
a n d  p o l i c y  a n a l y s i s .  The s e c t i o n  is p r e s e n t e d  i n  t h r e e  p a r t s .  
F i r s t ,  w e  p r e s e n t  t h e  s t r u c t u r e s  d e s c r i b i n g  t h e  s p o t  m a r k e t .  
Nex t ,  w e  summarize t h e  s t r u c t u r e  o f  t h e  f u t u r e s  m a r k e t .  
F i n a l l y ,  we d i s c u s s  t h e  l i n k a g e s  be tween  t h e  t w o  m o d e l s  a n d  
j o i n  them i n t o  a s i m u l t a n e o u s  s y s t e m .  
B e f o r e  t u r n i n g  t o  t h e  s t r u c t u r e s  o f  t h e  s p o t  a n d  f u t u r e s  
m a r k e t s  and t h e i r  i n t e r a c t i o n ,  w e  f i r s t  set  f o r t h  t h e  h e r i t a g e  
o f  t h e  p r e s e n t  m o d e l i n g  e f f o r t .  T h i s  h e r i t a g e  h a s  t h r e e  m a j o r  
d i m e n s i o n s :  t h e  b a s i c  m a r k e t  i n f l u e n c e s  a n d  t h e i r  a v e n u e  o f  
i n t r o d u c t i o n ,  t h e  p r i n c i p a l  b e h a v i o r a l  h y p o t h e s e s  p o s t u l a t e d ,  
and t h e  d i s t i n c t i o n  between long-  a n d  s h o r t - r u n  d e c i s i o n  i n -  
t e r v a l  s. 
With  r e s p e c t  t o  t h e  f i r s t  " d i m e n s i o n , "  t h e  b a s i c  m a r k e t  
i n f l u e n c e s  may b e  d i v i d e d  i n t o  f o u r  d i s t i n c t  c a t e g o r i e s :  
t h o s e  a c t i n g  t h r o u g h  demand i n  t h e  s p o t  a n d  f u t u r e s  m a r k e t s ,  
t h o s e  a c t i n g  t h r o u g h  s u p p l y  i n  t h o s e  m a r k e t s ,  t h o s e  a c t i n g  
t h r o u g h  macro economic c o n d i t i o n s ,  a n d  t h o s e  a c t i n g  t h r o u g h  
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t h e  s t r u c t u r e  of t h e  s p o t  and f u t u r e s  marke ts .  Tab le  111.1 
summarizes t h e  major  f a c t o r s  t h a t  have been  a s s o c i a t e d  w i t h  
each  of  t h e s e  c a t e g o r i e s .  The s t r u c t u r a l  l o c a t i o n s  and r o l e s  of  
t h e s e  f a c t o r s  a r e  s p e c i f i e d  i n  t h e  models t o  b e  p r e s e n t e d .  
The impact  and i n t e r p r e t a t i o n  of  t h e  measu rab le  i n f l u -  
e n c e s  l i s t e d  i n  Tab le  111.1 depend,  i n  p a r t ,  upon t h t  behav- 
i o r a l  c o n c e p t s  t h a t  t r a n s f o r m  them i n t o  a " p o s i t i v e "  or de- 
s c r i p t i v e  modal o f  economic b e h a v i o r  i n  t h e  s p o t  rnd f u t u r e s  
markets .  The major  hypo theses  drawn upon i n  t h i s  s t u d y  are 
p r e s e n t e d  i n  Tab le  111.2. Tha t  is n o t  t o  say t h a t  the  p r e s e n t  
e f f o r t  h a s  a t t e m p t e d  t o  t e s t  e a c h  of t h e s e  h y p o t h e s e s  i n d i v i d -  
u a l l y .  Ra the r ,  t h a t  t h e s e  n o t i o n s  a r e  n o t  m u t u a l l y  e x c l u s i v e ,  
each  c o n t r i b u t e s  t o  t h e  s t r u c t u r a l  c h a r a c t e r  of t h e  model,  and 
t h a t  any r e a s o n a b l e  model shou ld  b e  g e n e r a l  enough t o  accommo- 
d a t e  t h e s e  e lements .  
F i n a l l y ,  t h e  a r c h i t e c t u r a l  d e s i g n  o f  t h e  model h a s  been 
f a s h i o n e d ,  i n  p a r t ,  from e a r l i e r  e m p i r i c a l  r e s u l t s  [ 4 9 1 .  Fore-  
m o s t  among t h e s e  g u i d e l i n e s  a r e  t h e  modeding r u l e s  l i s t e d  i n  
Tab le  111.3. H e r e ,  t h e  most p romis ing  m e t h o d o l o g i c a l  app roaches  
a r e  c a t e g o r i z e d  a c c o r d i n g  t o  t h e  l e n g t h  of t h e  d e c i s i o n  i n t e r -  
val. I n  a l l ,  f o u r  d e c i s i o n  i n t e r v a l s  a r e  p r e s e n t e d :  d a y s ,  
weeks, months, and q u a r t e r  y e a r s  o r  l o n g e r .  I t  must b e  n o t e d  
t h a t  we have n o t  a t t e m p t e d  t o  c o n s t r u c t  a d i f f e r e n t  model 
co r r e spond ing  t o  e a c h  of t h e  f o u r  d e c i s i o n  i n t e r v a l s  p r e s e n t e d  
i n  Tab le  111.3. However, u s i n g  monthly d a t a ,  w e  do make an  
Table 111.1 compendium of Market Influences* 
1. Acting Through Demand 
a. Domestic consumption 
b. Exports  
c. Derived denrand f o r  f i n a l  products 
d. Government stackpil ing and a i d  programs 
e. Dearand relatives such as t h e  p r i c e s  of subs t i tu tab le  
comnodities o r  subs t i tu tes  resul t ing  from innovation 
2. Acting Through Supply 
a. Production 
b. Stocks 
c. Weather 
d. Covernnrent subsidy and crop-control programs 
e. Supply r e l a t i v e s  such a s  the  production of subs t i tu tab le  
compodities o r  innovation induced increases i n  production 
3. Acting Through Economic Oonditions 
a. Business conditions as reflected i n  indus t r i a l  production, 
unemployment, and the general p r i ce  l eve l  
b. C r e d i t  conditions which define the  a v a i l a b i l i t y  of loans 
f o r  speculation or commodity storage 
4. Acting Through Market Composition 
a. Speculating 
b. Hedging 
.Source: Labys, W. and Granger, C. W. J., Speculation, Hedging and 
Commodity Pr ice  Forecasts, Heath Lexington, Lexington, Mass. 1970. 
I . 
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Table 111.2 Compendium 
Specif ic  Concepts 
L 
1. Opm-Contract Concept: 
Futures markets serve primarily 
t o  f a c i l i t a t e  contrac t  holding. 
2. Hedging-Market Concept: 
Futures markets depend f o r  t h e i r  
existence primarily on hedging. 
3. Multipurpose Concept of Hedging: 
Hedging is done f o r  a var ie ty  of 
d i f fe ren t  purposes and must be 
defined as t h e  use of fu tures  
contracts  as a temporary subst i-  
t u t e  f o r  a merchandising con- 
tract, without specifying the  
purpose. 
4. Price-of-Storage Concept: 
Storage of a commodity is a ser- 
vice  supplied o f ten  a t  a p r i ce  
t h a t  is re f l ec ted  in intertemp- 
o r a l  p r i c e  spreads. 
5. Concept of Reliably Anticipatory 
Pr ices  : 
Futures p r i c e s  on average tend t o  
be highly reliable estimates of 
. what should be expected on t h e  
basis of contemporarily avai lable  
information concerning present  
amd fu tu re  demand and supply, but  
may reflect these expectations a t  
each point  i n  time owing t o  tech- 
n i c a l  r i g i d i t i e s  in ' the  market's 
response t o  changes i n  information 
on supply and demand prospects. 
6. Market-Balance Concept: 
Changes i n  . futures p r i ces  a r e  
a t t r i b u t e d p  i n  piirt, t o  a lack of 
balance between . short hedging and 
long speculation. . 
i 
*Adapted i n  p a r t  from Holbrook Working, 
of Analytical Concepts* 
,d 
General Concepts 
1. Por t fo l io  Section: 
nInvestmentn decisions are based 
i n  p a r t  on both return and r i s k  
considerations. 
2. Expectations: 
In te r t e~ lpora l  decisions a r e  
based i n  p a r t  on expected 
economic phenomena. 
3. The Rate of Change i n  Prices: 
Pr ices  change i n  proportion t o  
the imbalance between supply 
and demand. 
4. The Length o f  The Decision Interval: 
The causal  s t ruc tu res  of long-run 
pa t t e rns  of  behavior are d i s t i n c t  
from t h e i r  short-run counterparts.  
5, Future values are discounted back t o  
the present.  
nNew Concepts concerning ~ u t u r e s  
t4arkets and Prices", American Economic Review, 52 (June 1962) . 
J 
Table 111.3 Decision In terval  and Modeling Approach 
Decision Interval 
. 
Days ( I n t r a  Monthly I'raquency) 
Weeks ( In t ra  Monthly Frequency) 
Months ( In t ra  Quarter and 
Annual Frequencies 
Quarters or Longer (Semi-Annual 
or Longer 
Frequencies) 
Approach 
Ran- Walk* 
Random Walk* 
Systematic and Seasonal Behavioral 
Components together w i t h  a Randam 
Component* 
Trend/Cycle and Seasonal Behavioral 
Relationships p lus  a Random 
Component** 
*Source: Labys, W.C. and Granger, C. W. J., Speculation, Hedging and 
Coaerodity P r i ce  Forecasts, Heath Lexington Books, Lexington, Mass. 
1970, p.205-216. 
**See for example, Houck, 3. P., Ryan, M. E., Subotnik, A., Soybeans 
and Their Products: Markets, Models, and Policy, University of 
Minnesota Press, Minneapolis, 1972. Chapters 5 and 6. 
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e f f o r t  t o  d i s t i n g u i s h  between long-run t r e n d l c y c l e  and s h o r t -  
run  s e a s o n a l  and i r r e g u l a r  p a t t e r n s  o f  b e h a v i o r  i n  keeping  
w i t h  t h e  g u i d e l i n e s  p r e s e n t e d  i n  T a b l e  111.3. 
With t h e s e  i n f l u e n c e s ,  hypo theses ,  and d e c i s i o n  i n t e r -  
v a l s  d e f i n i n g  t h e  bounds and  d i r e c t i o n s  o f  o u r  i n v e s t i g a t i o n ,  
we now a r e  r eady  t o  se t  f o r t h  o u r  s t r u c t u r e s  o f  t h e  s p o t  and  
f u t u r e s  marke ts .  
A. The Spo t  Market 
The a n a l y t i c a l  f o u n d a t i o n  of  o u r  model o f  t h e  s p o t  mar- 
k e t  i s  p r e s e n t e d  i n  f o u r  p a r t s .  The f i r s t  segment d e s c r i b e s  
t h e  demand s i d e  o f  the model. The second p a r t  summarizes t h e  
s u p p l y  s i d e .  The t h i r d  segment l i s t s  t h e  n e c e s s a r y  market  
c l e a r i n g  e q u a t i o n s  and o t h e r  c o n s t r a i n t s .  F i n a l l y ,  t h e  e n t i r e  
s p o t  marke t  model i s  summarized. 
1. The Demand Block 
Fol lowing  t h e  t e n e t s  of  s t a t i c  economic t h e o r y ,  t h e  
domes t i c  p r i v a t e  demand f o r  a  good o r  s e r v i c e  a t  any p o i n t  i n  
t i m e  w i l l  b e  a  f u n c t i o n ,  i n  p a r t ,  of i t s  own p r i c e ,  t h e  p r i c e s  
o f  s u b s t i t u t e s  and complements and s e l e c t e d  o t h e r  v a r i a b l e s  
t h a t  t y p i c a l l y  d e f i n e  some c o n s t r a i n t ( $ )  on t h a t  demand. 1 
(i) Denoting t h e s e  p r i c e s  P i = l , . . . , I  and t h e i & t h e r . v a r i a b l e s  
1. Government demand is  c o n s i d e r e d  i n  t h e  marke t  c l e a r i n g  
e q u a t i o n s .  
x ( ~ )  ,v-1, . . . . V ,  t h e  demand r e l a t i o n s h i p  f o r  commodity (j) 
i n  t h e  s p o t  m a r k e t  a t  t i m e  t ,  DD ( j )  can  b e  w r i t t e n ,  q t  
where  U l t  i s  a  random " r e s i d u a l " .  2 
I n s o f a r  a s  a  f u t u r e  commodity T t i m e  p e r i o d s  i n  t h e  
f u t u r e  may be v iewed  a s  a s ~ l 3 s t i t u t e  o r  complement f o r  t h e  
same or  a n o t h e r  commodity t o d a y  and d e a l e r s  i n  t h e  s p o t  m a r k e t  
may e l e c t  t o  g o  i n t o  t h e  f u t u r e s  m a r k e t ,  a r e a l i s t i c  m o d i f i -  
c a t i o n  of  E q u a t i o n  (1) would b e  t o  i n c l u d e  t h e  d i s c o u n t e d  
p r i c e s  o f  a l l  r e l e v a n t  c o m m o d i t i e s  a t  t h a t  f u t u r e  t i m e ,  
-(i) 
Pt,  t + T t  i = l l . . . , f t  assuming  t h o s e  p r i c e s  were known. With  
t h e s e  m o d i f i c a t i o n s ,  t h e  t y p i c a l  i n t e r t e m p o r a l  demand e q u a t i o n  
would be o f  t h e  f o r m ,  
where  
" 2 t  i s  a  random r e s i d u a l ,  
a n d  r i s  t h e  r a t e  o f  d i s c o u n t .  
2. S e e  homment s i x  i n  S e c t i o n  I ,  p a g e  1-6.  
P r i v a t e  and government (CCC) e x p o r t s  and i m p o r t s  f o r  a '  
commodity can  be  accommodated by a  s i n g l e  r e l a t i o n s h i p .  Here,  
CCC n e t  e x p o r t s  a r e  t r e a t e d  a s  exogenous t o  t h e  model ,  and a  
p o s i t i v e  q u a n t i t y  d e n o t e s  a n  e x p o r t  and a n e g a t i v e  q u a n t i t y  
d e n o t e s  an impor t .  Owing t o  t h e  w i d e r  r ange  of m a r k e t s ,  
p r i v a t e  n e t  expoxt  demand f o r  a  commodity w i l l  depend n o t  o n l y  
upon t h e  v a r i a b l e s  i n c l u d e d  i n  Equa t ion  ( 2 1 ,  b u t  a l s o  on com- 
p e t i n g  wor ld  marke t  p r i c e s ,  t r a n s p o r t  c o s t s ,  p u r c h a s i n g  power,  
and t a r i f f s ,  among o t h e r  f a c t o r s .  Using v e c t o r  n o t a t i o n ,  a  
t y p i c a l  t o t a l  " e x p o r t  demand" e q u a t i o n  may be  w r i t t e n ,  
- 
where GX ( I )  is n e t  ccc e x p o r t s ,  Qt Pt and P t , t + T  a r e  v e c t o r s  
of c u r r e n t  and d i s c o u n t e d  f u t u r e s  commodity p r i c e s  i n  t h e  
Un i t ed  S t a t e s  market  r e s 1  s t i v e l y ,  P: and C,t+f a r e  vec-  
t o r s  o f  c u r r e n t  and d i s c o u n t e d  f u t u r e s  "world* commodity p r i c e s  
a d j u s t e d  f o r  n e t  t a r i f f s  and t r a n s p o r t  c o s t s ,  Y t  i s  a v e c t o r  
o f  o t h e r  i n f l u e n t i a l  f a c t o r s  s u c h  a s  f o r e i g n  p e r  c a p i t a  income 
and p a s t  p e r  c a p i t a  f o r e i g n  commodity s u p p l i e s ,  and U 3 , t  i s  a 
random e l emen t .  
Be fo re  t u r n i n g  t o  t h e  s t o c k  a d j u s t m e n t  mechanism, some 
-w f u r t h e r  comment on P is  w a r r a n t e d .  The " t r a = "  wor ld  t , t + ' t  
p r i c e  t h a t  competes w i t h  o u r  d o m e s t i c  p r i c e  f o r  a commodity 
can  be  b e t t e r  approximated  by add ing  t o  it t h e  a v e r a g e  n e t  
increment in costs owing to lower (higher) U.S. tariffs 
relative to the rest of the world and a similar term for 
transport cost differences. For our purposes, these unit 
cost adjustments will be approximated by, 
TF") - (Average U.S. tariff cost per unit - 
Average rest of world tariff cost, 
per unit), 
and 
TR") = (Average shipping cost from U.S. per 
unit - Average rest of world shipping 
cost per unit) , 
depending, of course, on market origin and destination. 
The expected value of these costs at time ( t t ~ )  are 
assumed to be the same as their value at time t, i.e., a 
"no change" hypothesis, owing to the imperfections in the 
dissemination of information on a world-wide basis. 
Combining these considerations, the spot and discounted 
futures wor?d prices for a commodity would be, 
and 
respectively, where P' t+r denotes the undiscounted world 
futures price unadjusted for TF and TR. The empirical 
specification of the indexes .TF and .TR are.presented in 
Section XV. 

where U 1 O , t =  "9.t  
I t  must  b e  n o t e d  t h a t  s t o r a g e  c a p a c i t y  and i t s  l o n g - t e r m  
dynamics  are i n c l u d e d  i m p l i c i t l y  i n  ( 9 ) .  Although  s h o r t - t e r m  
c a p a c i t y  s h o r t a g e s  can h a v e  s e r i o u s  i m p a c t s  o n  p r i c e s ,  t h e s e  
p rob lems  l o s e  muck o p e r a t i o n a l  s i g n i f i c a n c e  i n  t h e  c o n t e x t  o f  
government  s t o c k p i l e  (and e x p o r t )  o p e r a t i o n s  d e s i g n e d  t o  main- 
t a i n  a g r i c u l t u r a l  p r i c e  s t a b i l i t y .  To b e  s u r e ,  d o m e s t i c  s t o r -  
a g e  c a p a c i t y  t h e n  becomes a n  i m p o r t a n t  d e t e r m i n a t e  o f  govern-  
ment o p e r a t i o n s .  However, t h e s e  government  d e c i s i o n s  a r e  en- 
t e r t a r n e d  o u t s i d e  o f  t h e  e m p i r i c a l  model a n d  are d i s c u s s e d  i n  
o u r  p o l i c y  a n a l y s i s .  
I t  a l s o  s h o u l d  be n o t e d  t h a t  t h e  t o t a l  s t o c k  o f  a  commod- 
i t y ,  s , c o n s i s t s  o f  t h e  sum o f  p r i v a t e  s t o c k s  D ~ ( j )  p l u s  t 
government  s t o c k s  G ~ ( j ) .  T h a t  is. 
t 
where G ~ ( j )  i s  exogenous  to t h i s  model. t 
F i n a l l y ,  t o t a l  demand i s  g i v e n  b y  t h e  i d e n t i t y ,  
2 .  The S u p p l y  Block 
I n  t h i s  s u b s e c t i o n ,  w e  o u t l i n e  t h e  b a s i c  r e l a t i o n -  
s h i p s  d e s c r i b i n g  t h e  p r o d u c t i o n  of  a g r i c u l t u r a l  commodi t i e s  i n  
t h e  U.S. The s u p p l y  f rom f o r e i g n  s o u r c e s  a l r e a d y  h a s  b e e n  
c o n s i d e r e d  i n  t h e  n e t  e x p o r t  demand E q u a t i o n  ( 3 )  a n d  w i l l  n o t  
be  r e p e a t e d  h e r e .  Fo l lowing  s t a n d a r d  p r a c t i c e ,  domes t i c  pro-  
d u c t i o n  SD (') is decomposed i n t o  h a r v e s t e d  a c r e a g e  Qt *;jl 
t i m e s  y i e l d  Y and  s e p a r a t e  r e l a t i o n s h i p s  a r e  deve loped  
f o r  each .  
I n  g e n e r a l ,  t h e  p r o d u c t i o n  o f  commodity ( j )  a t  t i m e  t ,  
DSq:j), i n  assumed t o  be a f u n c t i o n  o f  t h e  p r i c e  of  commodity 
( j ) ,  t h e  p r i c e s  of s u b s t i t u t e s  and complements f o r  t h a t  com- 
modi ty ,  and t h e  p r i c e s  o f  f a c t o r s  o f  p r o d u c t i o n ,  s u c h  a s  f e r -  
t i l i z e r ,  e t c -  However, t h r e e  s u c h  sets o f  t h e s e  p r i c e s  must 
be c o n s i d e r e d :  l a g g e d ,  e x p e c t e d ,  and a c t u a l  p r i c e s .  Lagged 
and expec t ed  p r i c e s  must be c o n s i d e r e d  s o  as t o  c a p t u r e  t h e  
i n f l u e n c e  o f  p a s t  r e t u r n s  and e x p e c t a t i o n s  on p o t e n t i a l  pro-  
d u c t i o n ,  r e s p e c t i v e l y .  C u r r e n t  p r i c e s  must b e  c o n s i d e r e d  s o  
a s  t o  c a p t u r e  t h e  " h a r v e s t "  d e c i s i o n  which may l e a d  t o  t h e  
h a r v e s t i n g  of  some f r a c t i o n  of t h o  " p o t e n t i a l w  h a r v e s t  a c r e a g e  
and ,  t h e r e f o r e ,  r e s u l t  i n  a c t u a l  p r o d u c t i o n  b e i n g  some f r a c t i o n  
o f  p o t e n t i a l  p r o d u c t i o n .  The f i r s t  two sets o f  p r i c e s  t o g e t h e r  
a r e  assumed t o  d e t e r m i n e  t h e  d e s i r e d  h a r v e s t  a c r e a g e  and y i e l d  
f o r  commodity ( j  ) : 
and 
- 
where 
P t - T ,  t i s  a v e c t o r  of d i s c o u n t e d  commodity and f a c t o r  
p r i c e s  e x p e c t e d  a t  t i n e  t-r f o r  t ime  t ,  and Pt-T,t-T is 
a f a c t o r  o f  l a g g e d  a c t u a l  p r i c e s .  ( 1 1 )  and  ( 1 2 )  r e p r e s e n t  
t h e  f a r m e r ' s  e x p e c t e d  p r o f i t  max imiz ing  d e c i s i o n s  a s  o f  t i m e  
t-r  f o r  t i m e  t .  
F o l l o w i n g  N e r l o v e ,  362,  6 4 ,  651, t h e  a c t u a l  o r  o b s e r v e d  
change  i n  h a r v e s t e d  a c r e a g e  a t  t i m e  t is  assumed t o  be a  
l i n e a r  f u n c t i o n  o f  t h e  d e s i r e d  c h a n g e  i n  h a r v e s t e d  a c r e a g e  (a 
measure  o f  t h e  p o t e n t i a l  s p e e d  w i t h  which  t h i s  a d j u s t m e n t  may 
t a k e  p l a c e l ' a n d  c u r r e n t  a c t u a l  p r i c e s .  T h a t  i s ,  
where  AA:') =Ac ' )  -A ( ' )  
a n d  U 1 3 ,  t i s  a random e l e m e n t .  t-1 
Combining (11) , ( 1 2 )  , a n d  (131 ,  t h e  a c t u a l  p r o d u c t i o n  , f  
commodity (j) a t  t i m e  t would b e  w r i t t e n ,  
where  U l r l P t  i s  a  random e l e m e n t  d i s t i n g u i s h i n g  a c t u a l  f rom 
d e s i r e d  y i e l d .  
3. Market  C l e a r i n g  E q u a t i o n s ,  C o n s t r a i n t s ,  
and E x p e c t a t i o n s  
B e f o r e  summar iz ing  t h e  model  f o r  t h e  s p o t  m a r k e t ,  
some l o o s e  ends f i r s t  must  b e  t i e d :  t h e  e q u i l i b r a t i o n  o f  s u p p l y  
w i t h  demand, a c c o u n t i n g  f o r  s e l e c t e d  m a r k e t  c o n s t r a i n t s ,  and 
t h e  s p e c i f i c a t i o n  o f  e x p e c t e d  p r i c e s  i n  t h e  s p o t  m a r k e t .  
Without  t h e  e x i s t e n c e  of government s t o c k p i l e / p r i c e  
s u p p o r t  p o l i c i e s ,  t h e  e q u i l i b r a t i o n  o f  demand and s u p p l y  i n  
o u r  model would b e  deno ted  s i m p l y ,  
T h a t  i s  t o  s a y ,  p r o d u c t i o n  p l u s  changes  i n  s t o c k s  e q u a l s  t o t a l  
demand. 
However, t h e  government o f t e n  a d d s  t o ,  o r  r e d u c e s ,  i ts 
s t o c k  of  a  commodity i n  o r d e r  t o  s u p p o r t  some p r e d e t e r m i n e d  
t a r g e t  p r i c e  o r  f o r  some o t h e r  p o l i t i c a l  r e a s o n .  I n  t h i s  
model, n e t  domes t i c  government demand, G ( j  ( j  , will be q t  t 
c o n s i d e r e d ,  b u t  t r e a t e d  a s  exogenous t o  t h e  ma ins t r eam o f  t h e  
model, i . e . ,  de t e rmined  o u t s i d e  t h e  model. I n c l u d i n g  d o m e s t i c  
government demand, t h e  t y p i c a l  marke t  c l e a r i n g  e q u a t i o n  i s  
w r i t t e n ,  
where ,  of c o u r s e ,  G st ( j )  . 
I t  is wor th  n o t i n g  a t  t h i s  t i m e  t h a t ,  owing t o  t h e  marke t  
c l e a r i n g  e q u a t i o n ,  t h e  e q u i l i b r i u m  p r i c e  and q u a n t i t y  o f  a  
commodity w i l l  b e  de t e rmined ,  i n  p a r t ,  by U.S. Government 
commodity p u r c h a s e s  o r  s a l e s .  T h i s  r e s u l t  f o l l o w s  from t h e  
seeming redundancy between Equa t ion  (16)  and E q u a t i o n s  (10a)  
and ( l o b ) .  Equa t ion  (16)  i m p l i e s  t h e  change i n  t o t a l  d o m e s t i c  
s t o c k s .  S i m i l a r l y ,  Equa t ions  (10a )  and ( l o b )  a l s o  may b e  u s e d  
t o  s o l v e  f o r  t h e  change  i n  t o t a l  d o m e s t i c  s t o c k s  g i v e n  A ~ s ~ ' )  
which  is t a k e n  t o  b e  exogenous .  However, f o l l o w i n @  zonmon 
p r a c t i c e ,  E q u a t i o n  (16)  w i l l  b e  " i n v e r t e d "  a n d  u s e d  t o  es t i -  
mate  t h e  e q u i l i b r i u m  p r i c e  i n  t h e  s p o t  m a r k e t ?  N a t u r a l l y ,  
t h i s  t r a n s f o r m a t i o n  i n t r o d u c e s  a n o t h e r  random e l e m e n t ,  
'16.t ' 
In a d d i t i o n  t o  t h e  m a r k e t  c l e a r i n g  e q u a t i o n s ,  f o u r  o t h e r  
c o n s t r a i n t s  a l s o  must  b e  s t a t e d .  T h e s e  c o n s t r a i n t s  are 
s t r a i g h t f o r w a r d  a n d  a r e  p r e s e n t e d  h e r e  w i t h  l i t t l e  f u r t h e r  
comment. 
N e t  E x p o r t  DX ( j )  ( j )  
R e s t r i c t i o n s  < Et # qt - 
where  E:') i s  exogenous .  
Non-Nega t iv i ty  OD ( j )  DS Cj) , ., q t  qt - 
- - - - - - - - -- - 
2~ s i m i l a r  p r o c e d u r e  i s  employed i n  many l a r g e - s c a l e  f i n a n c i a l  
models .  Most o f  these mode l s  o v e r - d e t e r m i n e  t h e  r e s e r v e  i d e n -  
t i t y  e q u a t i n g  t h e  s o u r c e s  a n d  u s e s  o f  bank  r e s e r v e s .  More o f -  
t e n  t h a n  n o t ,  s t r u c t u r a l  e q u a t i o n s  a r e  s p e c i f i e d  f o r  e x c e s s  
r e s e r v e s ,  borrowed r e s e r v e s  and  c u r r e n c y ,  i d e n t i t i e s  are em-  
p l o y e d  f o r  r e q u i r e d  r e s e r v e s  a n d  non-borrowed r e s e r v e s ,  and  
non-borrowed r e s e r v e s  t h e n  is t r e a t e d  as  exogenous .  T h e s e  
a s s u m p t i o n s  i n i t i a l l y  p r o d u c e  a s y s t e m  o f  f i v e  e q u a t i o n s  i n  
f o u r  unknowns. T h i s  p o t e n t i a l  impass  u s u a l l y  i s  a v o i d e d  by 
r e a r r a n g i n g  e i t h e r  o n e  o f  t h e  e s t i m a t e d  s t r u c t u r a l  e q u a t i o n s  
o r  a r e s e r v e  i d e n t i t y  i n  o r d e r  t o  d e r i v e  a n  e n t i r e l y  new en-  
dogenous  v a r i a b l e  a n d  t h u s  c r e a t e  a  new s u b s y s t e m  o f  f i v e  
c a n a t i o n s  i n  f i v e  unknowns. . 
P r o f i t  Maximizat ion (1-bT - C T > P  ( l + r ) ~  't, t + ~  - t -  
The p r o f i t  maximizing c o n d i t i o n ,  (211, s imp ly  s t a t e s  
t h a t  owners  o f  s t o c k s  w i l l  h o l d  t h e i r  s t o c k s  t o  t i m e  t+t and 
n o t  s e l l  them a t  t i m e  t o n l y  i f  t h e  d i s c o u n t e d  * e f f e c t i v e n  
f u t u r e s  p r i c e  i s  no  less t h a n  t h e  c u r r e n t  s p o t  p r i c e .  The 
e f f e c t i v e  f u t u r e s  p r i c e  is t h e  raw f u t u r e s  p r i c e  Pt, t + f  ad- 
j u s t e d  f o r  t h e  decay  i n  s t o r a g e  (1-6) where d i s  t h e  decay  
rate,  less  t h e  i n c r e m e n t a l  s t o r a g e  c o s t s  CT. [3 ,7 ,46,76,94,951.  
Throughout  t h e  s p o t  marke t  model,  p r i c e  e x p e c t a t i o n s  
p l a y  a n  i m p o r t a n t  r o l e .  To b e  s u r e ,  t h e  l a s t  word on  expec t a -  
t i o n s  h a s  n o t  been w r i t t e n  and,  a t  b e s t ,  one  c a n  o n l y  a p p r o x i -  
mate  t h i s  complex p r o c e s s .  The app roach  t a k e n  h e r e  i s  t o  u s e  
d o m e s t i c  f u t u r e s  p r i c e s  a s  the p r e v a i l i n g  domes t i c  p r i c e  ex- 
p e c t a t i o n  i n f l u e n c i n g  t h e  domes t i c  s p o t  marke t .  The a c t u a l  
e x p e c t a t i o n s  mechanism and  t h e  d e t e r m i n a t i o n  of  t h e  f u t u r e s  
p r i c e  i s  d e f e r r e d  t o  t h e  s e c t i o n  d e s c r i b i n g  t h e  model o f  t h e  
f u t u r e s  market .  Al though t h i s  app roach  h a s  a number of s h o r t -  
comings,  n o t  t h e  l e a s t  o f  which a r e  t h e  e s t i m a t i o n  problems  
owing t o  t h e  s i m u l t a n e i t y  between t h e  s p o t  and f u t u r e s  marke t s ,  
it i s  f e l t  t h a t  t h i s  " s t a g i n g n  o f  t h e  model i S  n e c e s s a r y  f o r  
i t s  a n a l y t i c a l  t r a c t a b i l i t y .  F i n a l l y ,  it s h o u l d  be n o t e d  t h a t  
a c t u a l  world  p r i c e s  w i l l  b e  u sed  a s  a  s u r r o g a t e  f o r  e x p e c t e d  
world  p r i c e  and t h a t  t h e s e  p r i c e s  a r e  exogenous t o  t h e  model. 
4 .  Summary 
In Tables 111.4 and 111.5, we summarize t h e  genera l  
structure of t h e  spo t  market model and t h e  a s s o c i a t e d  mnemonics, 
r e s p e c t i v e l y .  
r4un t l en-? 
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The F u t u r e s  Marke t  
I n  t h e  f o l l o w i n g  p a r a g r a p h s ,  t h e  s t r u c t u r a l  r e l a t i o n -  
s h i p s  d e s c r i b i n g  o u r  model  o f  t h e  f u t u r e s  m a r k e t  a r e  p r e s e n t e d .  
W e  f i r s t  p r e s e n t  t h e  demand s i d e  o f  t h e  m a r k e t .  The s u p p l y  
s i d e  and  p r i c e  a d j u s t m e n t  mechanisms are  p r e s e n t e d  n e x t .  The 
t h i r d  t o p i c  p r e s e n t e d  i s  e x p e c t a t i o n s .  O p e r a t i o n a l  c o n s t r a i n t s  
t h e n  are l i s t e d .  F i n a l l y ,  t h e  c o m p l e t e  f u t u r e s  model  i s  summar- 
i z e d  i n  T a b l e s  111.5 a n d  111.7. A s  f o r  t h e  model  o f  t h e  S p o t  
M a r k e t ,  t h e  r e l a t i o n s h i p s  p r e s e n t e d  h e r e  a r e  a g g r e g a t e  a r d  n o t  
p r o d u c t  s p e c i f i c .  
1. The Demand Block  
The " e f f e c t i v e "  demand f o r  f o r w a r d  s a l e s  con- 
t r a c t s  i s  assumed t o  come f r o m  s p e c u l a t o r s ,  who hope  t o  g a i n  
f r o m  n b a c k w a r d a t i o n l l  - t h e  d i f f e r e n c e  be tween  d i s c o u n t e d  ex- 
pected spot p r i c e s  and fu ture  p r i ces  [21, 28, 37; 39, 701 .* I n  addit ion,  
"portfolio" and f inanc ia l  considerations strongly suggest t h a t  speculators  
a l s o  may be sens i t ive  t o  the  " v a r i a b i l i t y  r i s k "  s u r r o u n d i n g  t h e i r  
e x p e c t e d  g a i n  f rom b a c k w a r d a t i o n  a n d  t h e  c o s t  o f  money a s s o c i -  
a t e d  w i t h  t h e i r  p u r c h a s e s ,  [21,28,'/8,791 
The " p o r t f o l i o  s e l e c t i o n "  c h a r a c t e r  o f  t h e  denand  r e -  
l a t i o n s h i p  f o l l o w s  6 i r e c t l y  f rom o u r  g e n e r a l  v i e w  o f  s p e c u l a t o r s .  
In e s s e n c s ,  t h e y  a r e  assumed t o  b e  i n v e s t o r s  t h a t  s e e k  t o  e i t h e r  
maximize t h e i r  e x l e c t e d  r e t u r n  f rom t h e i r  i n v e s t m e n t  i n  commodi- 
4 .  The n o t i o n  o f  " e f f e c t i v e "  demand i s  p a t t e r n e d  a f t e r  H i c k s  
I I and  i s  d e s c r i b e d  i n  S e c t i o n  111 B . 3 .  
t i e s ,  s u b j e c t  t o  r i s k  c o n s t r a i n t s ,  o r  t h e y  s e e k  t o  m i n i m i z e  
t h e i r  r i s k  s u b j e c t  t o  some c z c n i n g s  r e q u i r e m e n t .  
Wi th  t h e s e  p o i n t s  i n  mind ,  t h e  demand f o r  f o r w a r d  s a l e s  
c o n t r a c t s  c a n  b e  w r i t t e n  
. - 
- -  - . -- .. 
S- 
. w h e r e  P t ,  t+T is  a v e c t o r  o f  d i s c o u n t e d  e x p e c t e d  s p o t  p r i c e s ,  
- 
' t ,t+'C i s  a  v e c t o r  o f  d i s c o u n t e d  f u t u r e  p r i c e s ,  r '  i s  t h e  c o s t  
. - - -  I s- - o f  money 1.741, u (  P t ,  t + T ,  Pt , t+T ) d e n o t e s  t h e  v a r i a t i o n  i n  t h e !  
- .  . .. 1 
b a c k w a r d a t i o n  component  ('5 -P t , t +  t , t +  ) 3nd i s  a s sumed  t o  
c a p t u r e  t h e  r i s k  a s s o c i a t e d  w i t h  t h e  e x p e z t e d  g a i n s  f r o m  back- 
w a r d a t i o n ,  a n d  U 2 2 , t  i s  a  random e l e m e n t .  
2 .  The  S u p p l y  R l o c k  
The " e f f e c t i v e "  s u p p l y  o f  f o r w a r d  s a l e s  c o n t r a c t s  
i s  as sumed  t o  come p r i m a r i l y  f r o m  o w n e r s  o f  p h y s i c a l  s t o c k  d e -  
5 
mand ing  h e d g e s .  A s  i n  t h e  demand b l o c k ,  t h e  a t t r a c t i v e n e s s  
o f  a h e d g e  i s  as sumed  t o  be d e p e n d e n t  upon b a c k w a r d a t i o n  a n d  
i t s  v a r i a t i o n .  U n l i k e  t h e  demand b l o c k ,  h o w e v e r ,  t o t a l  a v a i l -  
a b l e  d o m e s t i c  s t o c k s  o f  c o m m o d i t i e s ,  S t ,  a l s o  a r e  a s sumed  t o  
p l a y  a n  i n f l u e n t i a l  r o l e  [ 2 7  I .  
A l g e b r a i c a l l y ,  t h i s  s u p p l y  f u n c t i o n  c a n  be 
5 .  The n o t i o n  o f  " e f f e c t i v e "  s u p p l y  u s e d  h e r e ,  a l s o  i s  
H i c k s i a n  i n  o r i g i n  [ 2 7 J ,  a n d  i s  d e s c r i b e d  i n  S e c t i o n  
I11 B . 3 .  
111-19  
w r i t t e n  . . 
w h e r e  u ~ ~ , ~  i s  a random r e s i d u a l .  
3. P r i c e  A d j u s t m e n t s  
A s  H i c k s  p o i n t s  o u t ,  t h e r e  a re  " s u f f i c i e n t  
t e c h n i c a l  rigidities i n  t h e  p r o c e s s  o f  p r o d u c t i o n  t o  make it 
c e r t a i n  t h a t  a number o f  e n t r e p r e n e u r s  w i l l  w a n t  t o  h e d g e  t h p i r  
s a l e s "  [ 27 I .  S u p p l i e s  i n  t h e  n e a r  f u t u r e  a re  l a r g e l y  g o v e r n -  
e d  b y  d e c i s i o n s  t a k e n  i n  t h e  p a s t ,  e . g . ,  t h e  a n o u n t  o f  a c r e a g e  
sown. The  same t h i n g  r o m e t i m e s  h a p p e n s  w i t h  p l a n n e d  p u r c h a s e s  
as  w e l l ,  b u t  "it i s  alml>st i n e v i t a b l y  rare"  s i n c e  t e c h n i c a l  con -  
d i t i o n s  g i v e  t h e  e n t r e p r e n e u r  a  "much f r ee r  h a n d "  i n  t h e  
a q u i s i t i o n  o f  i n p u t s  ( l a r g e l y  n e e d e d  t o  s t a r t  new p r o d u c t i o n )  
t h a n  i n  t h e  c o m p l e t i o n  o f  o u t p u t s  (whose  p r o c e s s  o f  p r o d u c t i o n  
h a s  a l r e a d y  b e g u n )  1 27 I .  F o r  t h e s e  r e a s o n s ,  o n e  c a n  e x p e c t  
a " t e n d e n c y  f o r  r e l a t i v e  weakr less  o n  t h e  demahd s i d e "  o f  t h e  
f u t u r e s  m a r k e t  rp .1371.  
A s  L a b y s  a n d  G r a n g e r  p o i n t  o u t ,  t h i s  r e a s o n i n g  s u g g e s t s  
t h a t  t h e  s h o r t  h e d g i n g  a n d  l o n g  s p e c u l a t i o n  c o m p o n e n t s  o f  o p e n  
i n t e r e s t  r e p r e s e n t  t h e  ' ' e f f e c t i v e "  s u p p l y  o f  a n d  demand f o r  
f u t u r e  c o n t r a c t s ,  r e s p e c t i v e l y  [ 4 9  1 .  Open i n t e r e s t  " i s  t h e  
number o f  f u t u r e s  c o n t r a c t s  t h a t  h a v e  b e e n  e n t e r e d  i n t o ,  b u t  
n o t  y e t  c o v e r e d  by an  o f f s e t t i n g  c o n t r a c t  o r  f u l f i l l e d  by 
d e l i v e r y "  [ 4 9  I .  I n  o u r  mode l ,  t h i s  i m b a l a n c e  be tween  t h e  
f o r c e s  o f  demand a n d  s u p p l y  i s  assumed t o  i n f l u e n c e  t h e  r a t e  
o f  c h a n g e  i n  p r i c e s .  I n  p a r t i c u l a r ,  it is assumed t h a t  t h e  
r a t e  o f  change i n  t h e  f u t u r e s  p r i c e  o f , c o m m o d i t y  ( j ) ,  i I 
( j )  - ( j )  ( j 1 
A P t , t + ~  ‘ P t , t + ~  - P . t - l , t + ~  i s  o q u a d r a t i c  f u n c t i o n  o f  the 
, 
d i f f e r e n c e  be tween  t h e  " H i c k s i a n "  s u p p l y  and demand f o r  
E u t u r e s  c o n t r a c t s :  
s 
- ( I )  ) i s  t h e  n e t  ' e f f e c t i v e n  open  i n t e r e s t  w:lere ( q t ,  t+r q t ,  t+r 
' 2 4 , t  i s  a random v a r i a b l e .  
A t  t h e  h e a r t  o f  b o t h  t h e  demand and s u p p l y  s i d e  o f  t h e  
n a r k e t  f o r  f o r w a r d  c o n t r a c t s  l i e s  t h e  e x p e c t a t i o n s  mechanism 
d e t e r m i n i n g  'P t , t + r '  T h i s  mechanism i s  d i s c u s s e d  n e x t .  
4 .  E x p e c t a t i o n s  
~ ~ r r o w i n g  heavily from others  [14,18,19,50,57,59,60,92,93] t he  
m a r k e t  e x p e c t a t i o n s  mechanism u n d e r l y i n g  t h e  e x p e c t e d  s p o t  
p r i c e  i s  assumed to b e  " n a t u r a l "  and  d e p e n d e n t  on  
some c o m b i n a t i o n  o f  f u t u r e s  p r i c e s  and c h a n g e s  i n  c r o p  
p r o j e c t i o n s . ,  S p e c i f i c a l l y ,  t h e  e x p e c t e d  s p o t  p r i c e  o f  
commodity (j) for time t+T at time t, Sp( j t, tt.~' is assumed to 
bs determined in part by a distributed lag on future prices, 
aid a distributed lag on crop forectsts 
That is 
. .- 
where the d's are coefficients. k denotes the lag, P (j) 
and w") are the maximum lengths of the price and information 
6 
lags for the (1) th commodity, respectively, and 
'25, t is a 
random element. 
6 This particular formulation, (25), was chosen in order 
to obtain a "parsimonious" representation of the expectations 
nechaniom as suggested by Box and Jenkins [ 6 1 .  
5. M a r k e t  C l e a r i n g  E q u a t i o n s  a n d  O t h e r  C o n s t r a i n t s  
The f e w  e q u a t i o n s  p r e s e n t e d  a b o v e  a re  s u b j e c t  t o  
c o n s t r a i n t s  a n a l o g o u s  t o  t h o s e  l i s t e d  i n  t h e  s p o t  m a r k e t  model, 
A s  i n  t h e  e a r l i e r  case, these c o n s t r a i n t s  a re  s e l f - e x p l a n a t o r y  
a n d  w i l l  b e  summar ized  h e r e  w i t h  l i t t l e  f u r t h e r  comment.  
I 
M a r k e t  
C l e a r i n g  
S 
- 
D 
q t  , t + r  q t  , t + f  = n e t  " e f f e c t i v e "  ( 2 7 )  
o p e n  i n t e r e s t  
8 (1-6 0 ) ) ~  ( j )  P r o f i t a b i l i t y  ( j )  - c ( ~ ) r  > c ( 2 8 )  Pt,  t + ~  - Pt - (1+rlT 
P r i c e  
V o l a t i l i t y  (j) < Y:'), j -1 . .  . .,m - ( j )  Pt, t + k  - 't-1. t + k  ( 2 9 )  
7. T h i s  r e l a t i o n s h i p  f o l l o w s  f r o m  t h e  a s s u m p t i o n  o f  
H i c k s i a n  " t e c h n i c a l "  i m b a l a n c e s  d i s c u s s e d  i n  S e c t i o n  I11 B.3 .  
8. Same a s  e q u a t i o n  ( 2 1 )  i n  t h e  s p o t  m a r k e t .  
9- The  f u t u r e  p r i c e  o f  a n y  commodi ty  i s  n o t  pt . a i t t e d  t o  
c h a n g e  by  more  t h a n  a p r e d e t e r m i t  ' amount  p e r  t i m e  p e r i o d  i n  
t h e  U n i t e d  S t a t e s  c o m m o d i t i e s  m. : : , .cs .  
6. Summary 
In Tables 111.6 and 111.7, we summarize the 
general futures market model. The linkages between the Spot 
and Futures market models are explored in the c e x t  sub-section 
where the two models are tied together. 
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(j) a t  tima t for time t+T. 
= The effective supply of forward sales contracts of comaodity 
(j) a t  time t for time t+T.  
= The futures price of commodity (j) a t  time t for time t+T. 
= The nexpe!cted" spot price of commodity (j) a t  t h e  t for time t+t. 
1 = The variation between expected spot and futures j 
-- The mwimum allowable fluctuation i n  the futures price of 
comnodity (j) with a time interval of T. 
= The marginal storage cost of comaodity ( j) . 
= The rate of interest on comodity credit. 
1: = The rate of discount. 
6(j) 
= The rate of decay of commodity ( j 1 . 
St = The domestic stocks of coll~rrodities at time t. 
C. The Interaction of the Spot and Futures Markets 
In the following paragraphs, the linkages between the 
spot and futures market models are explored and the models 
coupled into a sinqle simultaneous system. This interactive 
system then is used to analyze the movements in futures and 
spot prices. Here, special emphasis is given to the impacts of 
world trade, Government controls and the timing and accuracy of 
crop projections. The discussion, of course, is dagogical in 
character. That is to say the analysis is hypothetical and is 
presented to illustrate the type of policy analyses to be 
extracted from the empirical results. 
1. Structural Interdependencies 
The linkages between the spot and futures models 
have been indicated in Sections II1.A and 1II.B above. The 
policy implications of these linkages, however, warrant their 
reiteration and some elaboration -: their analytical impacts. 
One of the most important obvious linkages is 
that of spot prices to futures prices. The dependence of spot 
prices on futures prices suggests that "backwardation", infor- 
mation improvement, and risk aversion may exert a significant 
influence on both spot and futures prices, Thus, in the final 
analysis, our structures make it possible to measure the 
impacts of improvements in crop forecasts on both spot and 
Zutures prices. The magnitudes, and timing of these impacts, 
of course, are an empirical question. 
Another important and obvious linkage is the 
dependence of the futures market process on current domestic 
stocks specified in the spot market. These stocks, it will be 
recalled, are determined in part by government stockpile policy 
operations, and net exports, among other factors. IL follows 
that futures prices will be influenced by factors such as 
exchange rates, transport costs, net export limitations, and 
government stockpile operations. 
In addition to these obvious linkages, there are 
a few constraints that warrant special mention. First, the 
profitability constraint ensures that marginal storage and 
transportation costs will imv ct both spot and futures prices. 
Second, the institutional constraints on price volatility will 
dampen movements in spot prices and, of course, limit move- 
ments in futures prices. Third, the lags introduced in the 
expectations mechanism and stock adjustment relationships imply 
that both spot prices and futures prices will adopt to new crop 
forecasts over tine and, therefore, earlier and/or better 
forecasts will impact on both the spot and futures markets 
over time. 
The full policy implications of this simultaneous 
interaction between the two markets can best be illustrated by 
solving the system and illustrating the use of the model in a 
policy control context. This is done in t.he next subsection. 
2. Simultaneity, Causal Ordering, and Policy 
Analysis 
To illustrate the policy implications of the 
model we have developed, consider the simplification: 
where 
Qt = n x 1 vector of dependent variables 
r - - n x n matrix of structural coefficients 
on the jointly dependent variables 
=1t = p x 1 vector of non-policy exogenous 
variables 
1 = n x p matrix of structural coefficients 
on the non-policy exogenous 
variables 
Z2t = a x 1 vector of policy control exogenous 
variables 
t32 
- 
 n x a matrix of structural coefficients 
on the policy control exogenous 
variables 
The term r~~ represents the interdependence 
relations in the full model. The term BIZlt captures the 
impact of non-policy variables, i.e., variables over which t.*e 
government and other regulatory bodies have no direct co~trol. 
The last term B232t describes the impact of the policy 
control variables on the equilibrium prices and quantities, Qt- 
S o l v i n g  t h i s  s y s t e m  y i e l d s  t h e  r e d u c e d  f o r m  
model : 
where  @ l  - [ ~ - r ] - l ~ ,  , a n d  42 = [ ~ - r ] - l p ,  
W e  a r e  now r e a d y  t o  i l l u s t r a t e  t h e  p o l i c y  
a p p l i c a t i o n s  o f  t h e  model .  S u p p o s e  t h a t  some, o r  a l l ,  o f  t h e  
d e p e n d e n t  v a r i a b l e s  Qt are  " t a r g e t e d n  by a d m i n i s t r a t o r s  t o  
t a k e  on c e r t a i n  " d e s i r e d H  v a l u e s .  L e t  u s  d e n o t e  t h e s e  " t a r g e t s s  
v a l u e s  Qc.  The q u e s t i o n  o f  i m p o r t a n c e  t o  t h e  a d m i n i s t r a t i o n ,  
o f  c o u r s e ,  i s  what  v a l u e s  o f  t h e  c o n t r o l  v a r i a b l e s  a re  r e q u i r e d  
i n  o r d e r  t o  h i t  t h e  t a r g e t .  Under c o n d i t i o n s  o f  p e r f e c t  
c o n t r o l ,  t h i s  o b j e c t i v e  c o u l d  b e  s t a t e d  
* 
T h a t  i s  t h e  d i f f e r e n c e  be tween  t h e  a c t u a l  Qt and  d e s i r e d  Q t 
v a l u e s  o f  t h e  d e p e n d e n t  v a r i a b l e s  s h o u l d  b e  z e r o .  
S u b s t i t u t i n g  ( 3 2 )  i n t o  ( 3 3 )  a n d  r e a r r a n g i n g  t e r m s ,  
we s e e  t h a t  t h e  o p t i m a l  ( i n  t h e  s e n s e  o f  e q u a t i o n  3 3 )  v a l u e s  ~ f  
t h e  c o n t r o l  v a r i a b l e s  Z 2 t  w i l l  b e  some f u n c t i o n  o f  t h e  
d i f f e r e n c e  be tween  t h e  t a r g e t  v a l u e s  Qt  and  t h e  v a l u e  o f  t h e  
d e p e n d e n t  v a r i a b l e s  i f  t h e r e  was no  c o n t r o l  a t  a l l ,  @ l Z l t .  
That is 
where 
@ 
4 2  = transpose of # 2 *  
Assuming I ( $ ;  1 # 0 ;  it is possible to solve 
for the set of optimal control decision rules, ( 3 4 1 ,  for each 
alternative target constellation selected by the administrators, 
and to assess their feasibility. 
Before summarizing the full model, two points 
must be noted. First, the above discussion assumes Zlt and 
Z2t are independent. 
Th. , of course, is an empirical question and 
hopefully there will be enough analytical resolution in the 
model to disentangle their combined influences. Second, it 
will be possible to analyze improved crop forecasts as either 
a non-control variable (a Z -type variable) or as a control It 
variable (a ZZt-type variable). That is, it is conceivable 
that one will be able to measure the control benefits from 
improved crop forecasts against, say, changes in Government 
purchases or sales of commodities. 
3. Summary o f  t h e  F u l l  Model 
I n  T a b l e  111 .8 ,  w e  summarize  t h e  s t r u c t u r e  of t h e  
combined s p o t  and f u t u r e s  m a r k e t  mode l s .  The e q u a t i o n s  a r e  t h e  
same a s  t h o s e  p r e s e n t e d  i n  S e c t i o n s  1 I I . A  and  1 I I . B  a n d  a r e  
p r e s e n t e d  h e r e  w i t h o u t  f u r t h e r  comment t o  i l l u s t r a t e  t h e  
s i m u l t a n e o u s  n a t u r e  o f  t h e  two mode l s .  I n  F i g u r e  111.1 w e  
p r e s e n t  a  f l o w  d i a g r a m  o v e r v i e w  o f  t h s  f u l l  model .  Here, t h e  
a r r o w s  d e v o t e  t h e  p r i n c i p a l  d i r e c t i o n  o f  c a u s a l i t y  a n d  t h e  
s t r u c t u r a l  l i n k a g e s  be tween  t h e  v a r i o u s  r e l a t i o n s h i p s .  The 
s i m u l t a n e i t y  o f  t h e  model  c a n  be v e r i f i e d  e a s i l y  b y  s t a r t i n g  a t  
any  p o i n t  i n  t h e  m a i n s t r e a m  o f  t h e  b e h a v i o r a l  s t r u c t u r e s  and  
" f o l l o w i n g  t h e  a r r o w s "  f u l l  c o u r s e  a l l  t h e  way b a c k  t o  t h e  
o r i g i n a l  s t a r t i n g  p o i n t .  
TABIS 111.8 STRUClURE OF THE SPOT AND FUTUWS 1.-S C- 
I 
Pclarstic 0s ( j )  9t . E;j))-(ct-T,t.pt-T .t-3+f3(.~+c-y:'3 P d u c  t ion 1 ,- (14) 
A:!; + U1,,J @ ct-* ,t.pt-~. t - 3 + ~ 1 4 2  : 
I m s t i c  Privatei D ( j )  (j) ~ ~ ( j )  St - y ~ j ) s l ~ ~ ,  . . . s:.~~.~i~,~+J+~-~ ) t-l+U~o,t t (10a) Stock 
- 
DX (j) D3(pte P t , t * ~ r  P:O ;:, t + ~ *  (3) Yt, + GXq:j) + u,,t Net E m *  % 0- (+I ' I 
D ( j )  G ( j 1  
' J : ~ t u l  Stocks ( j  St. = st + st (lob) 
RCIsative D ( j )  ~ j )  s- - s- - 
Pubwee Demand 't,t+l '4 * 't,t+t - 't,t+t, a t  rt,t+t* pt,t+T)* r ' f *  r t 
tuturos Brice . ( j )  j  s 4 D i 4 )  (5) s cj, . D - ~ ; J  
Adjuawnt t+t '1 ( q t , t + ~  ' 't:t+t i Y ~  ( qt,t+~ - 
n (j 1 ,(j) 
s - ( j )  
m a t a t j . ~ n s  Pt, t+t 
k-0 b 0  
C 
r Mat Government 1 4 Govarnmont 1 
Gowarnlent Loan Dates 
p r i v a t e  Domastic . Domartic Productio 
DD - 
Demand qt , i 
L 
Total . Tot81 , 
4 
a Damand SUPPLY 
D 1 ns C 
'.t Pt + 
- J 
Exports qt - qt 
I 
Market Clearing 
and 'Eauilibrium. - 
Spot Price Pt 
I 1 
Market Clearing and 
F - Equilibrium Near 
Future Prica P 
C > 
Lffectiv. Supply for 
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D - S 
P t ,  t+t P t ,  t+T 
f i  rF 
1 
Market Expectations of , 1 
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=pt, t+T I 
I Covarnmont Crop Production rerecasts t. t+T I 
Fig:lre 111.1 Flow Diagram of  the  Spot and Futures 
Markets Models f o r  Agr icu l tura l  
Conimodities 
I V .  A MODEL O F  THE COMMODITIES MARKETS: 
EMPIRICAL RESULTS 
I n  t h i s  S e c t i o n ,  w e  summar ize  t h e  e m p i r i c a l  e s t i m a t e s  o f  
o u r  model  f o r  two commodi t i e s :  s o y b e a n s ,  a n d  w h e a t .  T h e  m a t e r -  
i a l  i s  p r e s e n t e d  i n  t h r e e  p a r t s .  F i r s t ,  we o u t l i n e  t h e  o v e r a l l  
e s t i m a t i o n  s t r a t e g y  a n d  t h e  m e t h o d o l o g i c a l  t o o l s  t o  b e  employed .  
N e x t ,  we s p e c i f y  t h e  p a r t i c u l a r  s t r u c t u r e s  t o  be u s e d  i n  t h e  
t e s t  c a s e s .  I n c l u d e d  i n  t h i s  s e c t i o n  a r e  a s s e s s m e n t s  o f  t h e  
d a t a  a n d  a summary of t h e  e m p i r i c a l  r e s u l t s .  F i n a l l y ,  we se,  
f o r t h  t h e  m a j o r  e m p i r i c a l  f i n d i n g s  a n 3  u n d e r s c o r e  some g e n e r a l  
r e s u l t s  c o n c e r n i n g  t h c  d i s t i n c t i o n  b e t w e e n  t h e  l o n g -  a n d  s h o r t -  
r u n ,  t h e  i m p o r t a n c e  o f  c r o p  f o r e c a s t  i n f o r m a t i o n  o n  commodity 
p r i c e s ,  a n d  t h e  i n f l u e n c e s  o f  t h e  f o r e i g n  s e c t o r  a n d  g o v e r n m e n t  
p o l i c y  on  t h e  d o m e s t i c  whea t  a n d  s o y b e a n  m a r k e t s .  
A .  E s t i m a t i o n  S t r a t e g y  
I n  t h e  f o l l o w i n g  p a r a y r a p h s ,  we d i s c u s s  t h e  t h r e e  m a j o r  
m e t h o d o l o g i c a l  p r o b l e m s  e n c o u n t e r e d  i n  t h i s  s t u d y  a n d  o u r  
a p p r o a c h  t o  t h e i r  r e s o l u t i o n .  T h e s e  i s s u e s  a r e :  t h e  i d e n t i f i -  
c a t i o n  o f ,  a n d  d i s t r i b u t i o n  b e t w e e n ,  l o n g -  a n d  s h o r t - r u n  p a t -  
t e r n s  o f  b e h a v i o r ;  t h e  i d e n t i f i c a t i o n  of t h e  d y n a m i c  s t r u c t u r e s  
t o  b e  e s t i m a t e d ,  a n d  t h e  s i m u l t a n e o u s  e s t i m a t i o n  o f  t h e  i n t e r -  
d e p e n d e n t  s t r u c t l i r e s .  
1. F r e q u e n c y  Band Model B u i l d i n g :  
A   is tinct ion Between The Long- a n d  S h o r t - R u n  
The model  d e v e l o p e d  i n  t h e  p r e c e d i n g  s e c t i o n  d i d  n o t  
PRECliDING PAGE B W  N(fi 
s p e c i f y  t h e  l e n g t h  9f  t h e  d e c i s i o n  i n t e r v a l  u n d e r  c o n s i d e r -  
a t i o n  ( d a y s ,  weeks ,  e t c . ) .  Because  t h e  c a u s a l  s t r u c t u r e  o f  a  
d e c i s i o n  p r o c e s s  may d i f f e r  w i t h  r e s p e c t  t o  t h e  t i m e  p e r s p e c -  
t i v e  o f  t h e  d e c i s i o n ,  d e c i s i o n  r u l e s  c o n v e n t i o n a l l y  a r e  d e f i n e d  
r e l a t i v e  t o  a s p e c i f i c  t i m e  h o r i z o n .  The l a t t e r  a s s e r t i o n ,  o f  
c o u r s e ,  201i0ws d i r e c t l y  from t h e  t e n e t s  o f  m i c r o e c o  3mic 
t h e o r y  where  t h e  d i s t i n c t i o n  made be tween  t h e  l o n g -  and s h o r t -  
r u n  i s ,  f o r  t h e  most  p a r t ,  t h e  number, way, and  t y p e  o f  v a r i -  
a b l e s  t h a t  e n t e r  a  f i r m ' s  o r  c o n s u m e r ' s  c r i t e r i o n  f u n c t i o n .  
Dynamic c o n s i d e r a t i o n s  s u g g e s t  a n  a d d i t i o n a l  p o i n t  o f  e q u a l  
i m p o r t a n c e :  a c h a n g e  i n  t h e  d e c i s i o n  p e r s p e c t i v e  may c o m p l e t e l y  
a l t e r  n o t  o n l y  t h e  n a t u r e  b u t  ~ i s o  t h e  d i r e c t i o n  o f  c a u s a l i t y .  
A l t h o u g h  a  d e t a i l e d  a n a l y t i c a l  summary o f  t h e s e  p o i n t s  i s  be-  
yond t h e  s c o p e  o f  t h i s  p a p e r ,  some examples  o f  c h a n g e s  i n  
c a u s a l i t y  and  f e e d b a c k  i n  t h e  c o n t e x t  o f  t h i s  s t u d y  w i l l  b e  
p r e s e n t e d  i n  o r d e r  t o  i l l u s t r a t e  t h e  p o t e n t i a l  i m p o r t a n c e  of  
t h e  p r o b l e m .  
L e t  u s  assume t h a t  a  commodity d e a l e r  c a n  d i s t i n g u i s h  
be tween  t h e  s h o r t - r u n  s e a s o n a l  a n d  i r r e g u l a r  m a r k e t  p a t t e r n s  
and  l o n g - r u n  t r e n d  and  c y c l i c a l  movements. Economic t h e o r y  
t e l l s  u s  t h a t  t h e  d e c i s i o n  t o  expand o r  c o n t r a c t  s t o r a g e  c a p a -  
c i t y  i n  t h e  l o n g - r u n ,  f o r  e x a m p l e ,  w i l l  d e p e n d ,  i n  p a r t ,  on t h e  
e x p e c t e d  t r e n d s  and v o l a t i l i t y  i n  t o t a l  demand f o r  t h e  commod- 
i t y ( i e s ) .  The p r o f i l e  o f  f u t u r e  t o t a l  demand, o f  c a u r s s ,  is 
l i k e l y  t o  b e  a f u n c t i o n  o f  t r e n d s  i n  macroeconomic  f o r c e s .  
T h u s ,  long-ru. :  macroaconomic  c o n s i d e r a t i o n s  a re  l i k e l y  t o  c a u s e  
c h a n g e s  i n  s t c r a g e  c a p a c i t y ;  t h a t  i s ,  d e t e r m i n e ,  i n  l . a r t ,  l o n g -  
r u n  s t o r a g e  d e c i s i o n s .  On t h e  o t h e r  h a n d ,  t h e  d e a l e r ' s  s h o r t -  
r u n  d e c i s i o n  a re  l i k e l y  t o  f o c u s  o n  p r o d u c t i o n  rctes,  i n v e n t o r y  
l e v e l s ,  e tc . ,  g i v e n  some l e v e l  o f  s t o r a g e  c a p a c i t y .  T h a t  i s  t o  
s a y ,  t h e  macrc zonomic  ~ a r i a b l e s  t h a t  d e t e r m i n e  t h e  d e a l e r ' s  
l o n g - r u n  d e c i s i o n s  are n o t  l i k e l y  t o  h a v e  t h e  s a m e  i n f l u e n c e  
( c a u s a l i t y ) ,  i f  a n y ,  o n  h i s  s h o r t - r u n  d e c i s i o n s .  O b v e r s e l y ,  
t h e  i n f l u e n c e  o f  a n  a b e r r a t i o n  s u c h  a s  a n  u n e x p e c t e d l y  p o o r  
c r o p  may n o t  h a v e  a s  s t r o n g  a n  i n f l u e n c e  o n  h i s  l o n g - r u n  de-  
c i s i o n s  a s  o n  h i s  shoi - .ln 8 e c i s i o n s .  
A l t h o u g h  t h e  a b o v e  e x a m p l e  i l l u s t r a t e s  d ' f f e r e n c e s  i n  
c a u s a l i t y ,  owing  t r  c h a n g e s  i n  t h e  d e c i s i o n  t i m e  h o r i z o n ,  i t  
d o e s  n o t  i l l u s t r a t e  c h a n g e s  i n  t h e  d i r e c t i o n  o f  c a u s a l i t y .  I n  
o r d e r  'o i l  l u s t - : a t e  t h i s  p r o b l e m ,  
" . . . C o n s i d e r  t w o  s t o c k  e x c h a n g e s  i n  some c o u n t r y ,  
' o n e  o f  major i m p o r t a n c e  ( A )  a n d  t h e  o t h e r  o f  
l e s s e r  i m p o r t a n c e  (B). C l e a r l y ,  B w i l l  be l i k e l y  
t o  f o l l o w  a l l  t h e  f l u c t u a t i o n s ,  b o t h  l o n g - r u n  a n d  
s h o r t - r u n ,  o f  A ,  a n d  s o  we h a v e  A=>B ( v a r i a t i o n  
i n  A "maps i n t o "  B ) .  However,  A w i l l  b e  u n l i k e l y  
t o  b e  a f f e c t e d  by  s h o r t - r u n  f l u c t u a t i o n 9  o f  B ,  
b u t  may b e  c o n c e r n e d  b y  t h e  l o n g - r u n  f l u c t u a t i o n s .  
T h u s ,  i f  a s u b s c r i p t  L d e n o t e s  t h e  l o w - f r e q u e n c y  
component  and  a  s u b s c r i p t  H ,  t h e  h i g h - f r e q u e n c y  
componen t ,  we may h a v e  BL=>ALt BH#>AH. T h u s ,  i n  
*.his  e x a m p l e ,  f e e d b a c k  w i l l  o n l y  o c c u r  i n  t h e  low 
f r e q u e n c y  r a n g e .  "11 
- 
l l ~ r a n g e r  6 H a t a n a k a ,  S p e c t r a l  A n a l y s i s  o f  Economic  Time S e r i f s  
( P r i n c e t o n ,  N J ,  P ~ i n c e t o n  U n i v e r s i t - -  P r e s s ,  1 9 6 4 )  p . 1 2 3 .  F o r  a 
more s o p h i s t i c a t e d  p r e s e n t a t i o n  o f  t h i s  c o n c e p t ,  s e e  G.M.Jenkins  
and  D.G.Watts,  3 - .- , t r a l  A n a l y s i s  a n d  I t s  A p p l i c a t i o n s  (Ho lden-  
Day, San  F r a n c i s c o ,  1 9 6 9 )  ~r.398-450. 
The c r u c i a l  p o i n t  of t h i s  example i s  t h a t  a segment o f  economic 
a c t i v i t y  may b e  j o i n t l y  dependent  w i t h  some o t h e r  segment of 
economic a c t i v i t y  f o r  long-run d e c i s i o n s  ( L ) ,  b u t  independent  
o f  t h a t  segment f o r  s h o r t - r u n  d e c i s i o n s  (HI. T h a t  is t o  s a y ,  
t h e  c a u s a l i t y  between economic " p l a y e r s n  may b e  s i m u l t a n e o u s  
f o r  one d e c i s i o n  i n t e r v a l ,  b u t  u n i - d i r e c t i o n a l  f o r  a n o t h e r ,  
Al though t h e s e  examples do  n o t  p rove  t h a t  d e c i s i o n  pro-  
c e s s e s  n e c e s s a r i l y  change w i t h  t h e  l e n g t h  of  t h e  d e c i s i o n  i n -  
t e r v a l ,  t h e y  do s u g g e s t  t h a t  s e p a r a t e  r e l a t i o n s h i p s  s h o u l d  be  
c o n s i d e r e d  f o r  e v e r y  c l e a r l y  d e l i n e a t e d  d e c i s i o n  i n t e r v a l .  
Fo l lowing  t h e  approach  t a k e n  by Labys and Granger [491,  
and sugges t ed  by Granger and Hatanaka 1 2 2 3 ,  e a c h  r a r i a b l e  i n  
t h e  model p r e s e n t e d  above i s  s e p  r a t e d  i n t o  a  long-run t r e n d /  
c y c l e  component and a  shoxt-r im s e a s o n a l  and i r r e g u l a r  compo- 
nent .  Long-run t r e n d / c y c l e  and s h o r t - r u n  s e a s o n a l  and  i r r e g u -  
l a r  mo3els t h e n  a r e  e s t i m a t e d  s e p a r a t e l y  and t h e  comple te  t i m e  
series p r o f i l e  o f  t h e  model o b t a i n e d  by combining t h e  two d i s -  
t i n c t  "frequency-band" models.  
Fo l lowing  g e n e r a l l y  a c c e p t e d  p r a c t i c e ,  w e  have employed 
c e n t e r e d  moving a v e r a g e s  a s  t h e  low-pass f i l t e r  (FL) t o  i s o l a t e  
t h e  t r e n d / c y c l e  movements. S e a s o n a l  movements were t h e n  ob- 
t a i n e d  b y  s u b t r a c t i n g  t h e  t r e n d / c y c l e  component from t h e  
o r i g i n a l  r e r i e s  i n  each  c a s e ,  w i t h  t h e  a p p r o p r i a t e  d e l e t i o n s  
a t  t h e  ends  o f  t h e  s e r i e s .  T ' ? i s  approach  b e a r s  some f a m i l y  
resemblance t o  more common ra t io - to-moving-average  f i l t e r i n g  
t e c h n i q u e s ,  s u c h  a s  t h e  C e n s u s  X - 1 1  me thod ,  t u t  d o e s  y i e l d  
s l i g h t l y  d i f f e r e n t  t i m e  series c o n t e n t .  Of c o u r s e ,  t h e  r e s u l t s  
o f  t h e  f i l t e r s  w e  d i d  u s e  were c a r e f u l l y  c h e c k e d  u s i n g  spect ra l  
t e c h n i q u e s  t 4 3 1  a n d ,  as  described i n  d e t a i l  i n  S e c t i o n  I V ,  B ,  
below, w e r e  f o u n d  t; f i l t e r  t h e  Z e s i r e d  f r e q u e n c i e s  w i t h o u t  
d i s t u r b i n g  s u r r o u n d i n . ;  f r e q u e n c i e s  o r  i n t r o d u c i n g  s p u r i o u s  
o n e s .  
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2. Dynamic S t r u c t u r e s  a n d  I h e i r  E s t i m a t i o n  
I n  e c o n o m i c s ,  t h e  r e l a t i o n s h i p  b e t w e e n  a se t  o f  e x -  
p l a n a t o r y  v a r i a b l e s  a n d  t h e  d e p e n d e n t  v a r i a b l e  r a r e l y  is  i n -  
s t a n t a n e o u s .  I n s t e a d ,  t h e  r e s p o n s e  t e n d s  t o  b u i l d  u p  dynamic -  
a l l y  o v e r  t i m e .  I n  g e n e r a l ,  t h e s e  r e l a t i o n s h i p s  are e x p l a i n e d  
b y  some c o m b i n a t i o n  of l a g g e d  d e p e n d e n t  v a r i a b l e s  a n d  distr i-  
hnted l a g s  on  o t h e r  e x p l a n a t o r y  v a r i a b l e s  (a  mixed  a u t o r e g r e s s -  
i v e  a n .  moving a v e r a g e  p r o c e s s ) .  O f t e n ,  t h e s e  l a g  s t r u c t u r e s  
c o n t c i n  a n  i n f i n i t e  number o f  p a r a m e t e r s  a n d ,  f o r  p rac t i ca l  
p u r p o s e s ,  t h e  r e l a t i o n s h i p s  m u s t  be r e p l a c e d  b y  f i n i t e  param- 
e t e r ,  i . e . ,  m p a r s i m o n i o ~ s "  a p p r o x i m a t i o n s  [ 6 I .  G u a r d i n g  
a g a i n s t  t h e  p o s s i b i l i t y  o f  e n c o u n t e r i n g  a n  u n w i e l d y  number o f  
p a r a m e t e r s ,  w e  f o l i o w  Box a n d  J e n k i n s  [ 6 1 a n d  a t t t :mp t  t o  cap- 
t u r e  t h e  t y p i c a l  t r e n d / c y c l e  a n d  s e a s o n a l  r e l a t i o n s h i p s  o f  t h e  
f o r m ,  
12The  t e c h n i q u e s  . : ~ p l o y e d  h e r e  a r e  d i s c u s s e d  i n  a n  ECON t e c h n i -  
c a l  p a p e r  a d d r e s s i n g  many o f  t h e  m e t h o 6 ~ l o ~ ; i c a l  i s s u e s  r a i s e d  
i n  t h i s  s t u d y .  
r e s p e c t i - a e l y ,  where y,  8 ,  w ,  , a r  6, a n d  Y are p o l y -  
nomina l  f u l : c t i o n s  o f  t h e  l a g  o p e r a t o r  I,, L t = Z t l ;  V i s  a 
backward differc%nce operator of or3er d  (02 =Z -2 ), used t o  enforce 
t t t-1 
-1 
a p p a r e n t  s t a t i - o n a r i t y ;  y -' a n d  o a r e  t h e  i n v e r s e s  of  y 
and  w ,  r e s p e c t i v e l y ;  and E' it it a r e  s t a t i o n a r y  d i s t u r b -  
a n c e  terms w i t h  n u i l  c r o ~ s -  and  a u t o - c o v e r i a n c e ;  a n d  L l2 is  a 
12-month l a g  o p e r a t o r ,  112 (z t )  = z ~ - ~ ~ .  
The l e f t  s i d e  o f  E q u a t i o n s  ( 3 5 )  and  ( 3 6 )  d e s c r i b e  t h e  
t r a n s f e r  f u n c t i o n  p o r t i o n  o f  t h e  e m p i r i c a l  s t r u c t u r e s ,  w h i l e  
t h e  r i g h t  s ide d e s c r i b e s  the " n o i s e n  mode l s .  The n o i s e  n ~ d e l s  
h a v e  b e e n  b u i l t  o n t o  t h e  r e s i d u a l s  f rom t h e  t r a n s f e r  f u n c t i o n  
models  on t h e  a s s u m p t i o n  t h a t ,  i n  a dynamic f ramework ,  economic  
b e h a v i o r  i n c l u d e s  a s e r i a l l y  c o r r e l a t e d  s t o c h a s t i c  t e r m .  T h e s e  
n o i s e  mode l s  a r e  assumed t o  b e  o f  t h e  form,  
and 
w h e r e  e a n d  e  a r e  t h e  r e s i d u a l s  f rom t h e  t r e n d / c y c l e  i t  it 
a n d  s e a s o n a l  t r a n s f e r  f u n c t i o n  m o d e l s ,  r e s p e c t i v e l y .  1 3  
3. An A p p r o a c h  t o  S y s t e m  S s t i m a t i o n  
A s  n o t e d  i n  S e c t i o n  XII.C, t h e  model  p r e s e n t e d  i n -  
c l u d e s  a  r u m b e r  o f  j o i n t l y  d e p e n d e n t  e n d o g e n o u s  v a r i a b l e s  i n  
t h e  s t r u c t u r e s .  T h e s e  i n t e r d e p e n d e n c i e s  c a n  l e a d  t o  s e r i o u s  
e s t i m a t i o n  p r o b l e m s  i f  s i n g l e  e q u a t i o n  l e a s t  s q c a r e s  m e t h o d s  
a r e  u s e d  [58]. However,  n o t  a l l  e s t i m a t i o n  t e c h n i q u e s  f o r  
i n t e r d e p e n d e n t  s y s t e m s  may b e  d e s i r a b l e .  T h e i l ' s  t w o - s t a g e  
l e a s t  s q u a r e s  1581,  maximum l i k e l i h o a d  w i t h  f u l l  o r  l i m i t e d  
i n f o r m a t i 0 1 1  [581, a n d  t h e  i n s t r u m e n t a l  v a r i a b l e s  a p p r o a c h  of  
J o r g e n s o n  (581 t y p i c a l l y  r e q u i r e  t h e  u s e  o f  s o - c a l l e d  " r e d u c e d  
fo rm"  e q u a t i o n s .  F o r  meduim a n d  l a r g e r  s i z e d  m o d e l s ,  t h e s e  
r e d l c e d  foxm e q u a t i o n s  c a n  b e  mammoth r e g r e s s i o n s  t h a t  e x c e e d  
t h e  a v a i l a b l e  d e g r e e s  o f  f r e e d o m .  M o r e o v e r ,  e v e n  when t h e r e  
a r e  s u f f i c i e n t  d e g r e c s  o f  f r e e d o m  u s i n g  t h e  r e d u c e d  fo rm e q u a -  
t i o n s ,  t h e s e  m e t h o d s  r e q u i r e  a n  h e r o i c  number o f  z e r o  c o r r e l a -  
t i o n  a s s u m p t i o n s  [58] i n  o r d e r  t o  d e t e r m i n e  t h e  s t x i ~ c t u r a l  p a r a -  
m e t e r s .  One me thod  t h a t  a v o i d s  t h e s e  s h o r t c b n i n g s ,  a n d  pro-' 
v i d e s  c o n s i s t e n t  e s t i m a t o r s  w i t h  t w o - s t a g e  l e a s t  s q u a r e s  e f f i -  
c i e n c y ,  i s  t h e  F i x e d  P o i n t  me thod  o f  Wold [ 5 8 ,  911.  I n  e z s e n c e ,  
t h i s  method e s t i m a t e s  t h e  s t r u c t u r a l  p a r a m e t e r s  w i t h i n  t h e  
s t r u c t u r e s ,  u s i n g  a n  i t e r a t i v e  l e a s t  s q u a r e s  p r o c e d u r e .  T h i s  
- 
1 3  The e s t i m a t i o n  o f  t h e s e  s t r u c t u r e s  i s  b a s e d ,  i n  p a r t ,  n- a 
v a r i a t i o n  o f  t h e  a p p r o a c h  d e v e l o p e d  by Box & J e n k i n s  1 6 1 ,  a n d  
i s  d e s c r i b e d  i n  d e t a i l  i n  a n  ECON t e c h n i c a l  p a p e r .  
method was a d o p t e d  h e r e  p r i m a r i l y  b e c a u s e  o f  i t s  " z e r o  c o r r e -  
l a t i o n "  a s s u m p t i o n  e f f i c i e n c y .  1 4  
B. E m p i r i c a l  R e s u l t s  
Our p r e l i m i n a r y  e m p i r i c a l  t e s t s  o f  t h e  model  d e v e l o p e d  
i n  S e c t i o n  I11 a r e  summarized below.  The r e s u l t s  a r e  p r e -  
s e n t e d  i n  two p a r t s :  o n e  f o r  t h e  Soybean m a r k e t  and  t h e  o t h e r  
f o r  t h e  Wheat m a r k e t .  Each o f  t h e s e  p a r t s ,  i n  t u r n ,  i s  d i v i d e d  
i n t o  four s u b s e c t i o n s :  t he  f i r s t  h i g h l i g h t s  t h e  i n s t i t u t i o n a l  
c h a r a c t e r i s t i c s  o f  t h e  m a r k e t ,  t h e  s e c o n d  d e s c r i b e s  t h e  e s t i -  
m a t i n g  e q u a t i o n s  and e x p l a n a t o r y  v a r i a b l e s ,  t h e  t h i r d  summar- 
i z e s  t h e  d a t a ,  and t h e  f o u r t h  summar izes  t h e  e s t i m a t i o n  r e s u l t s .  
1. S o y b e a n s  
a .  I n s t i t u t i o n a l  Overview 
The s o y b e a n  m a r k e t  i n  t h e  U n i t e d  S t a t e s  h a s  
grown r a p i d l y  s i n c e  t h e  end of World War I1 i n c r e a s i n g  f rom 
p r o d u c t i o n  o f  2 0 0  m i l l i o n  b u s h e l s  a y e a r  a n d  s e l f - s u f f i c i e n c y  
i n  1946  t o  o v e r  1 b i l l i o n  b u s h e l s  a y e a r  and  95% of  t h e  wocld  
m a r k e t  t o d a y  [90 I .  The d o m e s t i c  soybean  c r o p  i s  h a r v e s t e d  
f rom Sep tember  t o  November. The e a r l i e s t  U S D A  c r o p  e s t i m a t e s  
a r e  a v a i l a b l e  i n  March and  a r e  made t h r o u g h  November owing t o  
r e p o r t i n g  l a g s .  P e r h a p s  t h e  mos t  i m p o r t a n t  c h a r a c t e r i s t i c  o f  
s o y b e a n s  r c l a t i v e  t o  t h e  g e n e r a l  model  p r e s e n t e d  e a r l i e r  i s  
14T.his method a l s o  i s  d i s c u s s e d  i n  f u r t h e r  d e t a i l  i n  an  ECON 
t e c h n i c a l  p a p e r .  
t h e  t r a n s f o r m a t i o n  of s o y b e a n s  i n t o  o t h e r  c o m m o d i t i e s ,  i - e . ,  
s o y b e a n  m e a l  and  s o y b e a n  o i l ,  e a c h  o f  w h i c h  h a v e  somewhat  
d i f f e r e n t  d o m e s t i c  a n d  f o r e i g n  demand p r o f i l e s .  No a t t e m p t  i s  
made t o  a n a l y z e  t h e s e  m a r k e t s  i n  d e t a i l .  R a t h e r ,  we f o c u s  on  
s o y b e a n s  a n d  i n c l u d e  t h e  i m p a c t s  o f  t h e  s o y b e a n  m e a l  a n d  o i l  
m a r k e t s  o n  s o y b e a n s  t h r o u g h  t h e i r  p r i c e s .  
A n o t h e r  i m p o r t a n t  c h a r a c t e r i s t i c  o f  t h e  s o y b e a n  m a r k e t  
i s  t h a t  t h e  g o v e r n m e n t  h a s  n o t  b e e n  a s  a c t i v e  i n  t h i s  m a r k e t  
a s  i t  h a s  b e e n ,  f o r  e x a m p l e ,  i n  t h e  w h e a t  m a r k e t .  However ,  
s o y b e a n  p l a n t i n g  d e c i s i o n s  a p p e a r  t o  h a v e  b e e n  i n f l u e n c e d  i n -  
d i r e c t . ,  . t h r o u g h  g o v e r n m e n t  c o n s t r a i n t s  a n d  o p e r a t i o n s  i n  
o t h e r  n a r k e t s .  F o r  e x a m p l e ,  t h e  a c r e a g e  a l l o c a t e d  t o  s o y b e a n s  
may b e  v i e w e d  a s  f o r e g o n e  a c r e a g e  f o r  o t h e r  c r o p s  a n d ,  t h e r e -  
f o r e ,  g o v e r n m e n t  s o i l  bank  a n d  CCC s a l e  a n d  l o a n  p o l i c i e s  f o r  
w h e a t  may b e  i m p o r t a n t  i n f l u e n c e s  on  s o y b e a n s  i n d i r e c t l y .  
Soybean  f u t u r e s ,  a s  w e l l  as  s o y b e a n  o i l  and  m e a l ,  a r e  
t r a d e d  p r i n c i p a l l y  on  t h e  C h i c a g o  B o a r d  o f  T r a d e .  The c o n t r a c t  
months  a r e  S e p t e m b e r ,  November,  J a n u a r y ,  March ,  May, J u l y ,  a n d  
A u g u s t .  The " s t a n d a r d  c o n t r a c t "  i s  f o r  SO00 b u s h e l s .  T h a t  i s ,  
a l l  t r a d e s  a r e  made a s  i n t e g e r  m u l t i p l e s  o f  5000 b u s h e l s .  
Hence ,  t h r e e  c o n t r a c t s  wou ld  mean 1 5 , 0 0 0  b u s h e l s .  P r i c e  i s  
q u o t e d  i n  c e n t s  p e r  b u s h e l .  I n  t h e  f u t u r e s  m a r k e t ,  t h e  s m a l l -  
e s t  a l l o w a b l e  d a i l y  p r i c e  f l u c t u a t i o n  i s  1 / 8  c e n t  p e r  b u s h e l  o r  
$ 6 . 2 5  p e r  c o n t r a c t .  The maximum a l l o w a b l e  d a i l y  r a n g e  i s  20 
c e n t s  p e r  b u s h e l  a n d  t h e  maximum f l u c t u a t i o n  ( n e t  d a i l y  c h a n g e  
f rom t h e  c l o s i n g  p r i c e  o f  t h e  p r e v i o u s  d a y )  i s  1 0  c c n + s  p e r  
b u s h e l .  The  i m p l i e d  maximum m o n t h l y  p r i c e  f l u c t u a t i o n  i s  
a b o u t  $ 2 . 2 0  p e r  b u s h e l .  
Soybean  o i l  f u t u r e s  a r e  t r a d e d  i n  c o n t r a c t s  o f  60,OOC 
pounds  a n d  p r i c e s  a r e  g i v e n  i n  c e n t s  p e r  p o u n d .  The  l a w e s t  
r e c o r d e d  p r i c e  f l u c t u a t i o n  i s  1 / 1 0 0  o f  a  c e n t  p e r  d a y  a n d  c h e  
l a r g e s t  p r i c e  f l u c t u a t i o n  i s  o n e  c e n t  p e r  pound  o r  $ 6 0 0  p e r  
c o n t r a c t .  T h e  i m p l i e d  m o n t h l y  maximum f l u c t u a t . i o n  i s  $ 1 3 , 2 0 0  
p e r  c o n t r a c t .  
S o y b e a n  mea l  f u t u r e s  a r e  t r a d e d  i n  c o n t r a c t s  o f  1 0 0  t o n s  
a n d  p r i c s s  a r e  q u o t e d  i n  c e n t s  p e r  t o n .  The minimum a n d  maxi-  
lclim d a i l y  p r i c e  f l u c t u a t i o n s  a r e  5 c e n t s  a n d  $5 p e r  t o n ,  re- 
s p e c t i v e l y .  The maximum m o n t h l y  p r i c e  f l u c t u a t i o n  i s  $100  p e r  
t o n .  T h e s e  p r i c e  c o n s t r a i n t s  a r e  n o t  i n  f o r c e  i n  t h e  s p o t  mar- 
k e t  o n  a n a  a f t e r  t h e  f i r s t  " n o t i c e "  d a y ,  i . e . ,  o n  a n d  a f t e r  t h e  
f i r s t  d a y  o f  t h e  c o n t r a c t  month .  
W i t h  t h e s e  c h a r a c t e r i s t i c s  i n  mind ,  w e  w i l l  t u r n  t o  t h e  
s o y b e a n  m o d e l ,  t h e  d a t a  u s e d ,  a n d  t h e  e s t i m a t i o n  r e s u l t s .  
b .  The  Model  
The h e a r t  n f  t h e  s o y b e a n  model  c o n s i s t s  o f  t h e  
e i g h t  e s t i m a t i n g  e q u a i l  s p r e s e n t e d  i n  T a b - e  I V . 1 .  The  numhers  
t o  t h e  r i g h t  o f  t h e  e i g h t  e q u a t i o n s  d e n o t e  t h e i r  i n t r o d u c t i o n  
i n  S e c t i o n  111, The f u n c t i o n a l  f o r m s  a r e  t a k e n  t o  be l i n e a r  
f o r  t h e  p r e l i m i n a r y  e m p i r i c a l  s t u d y .  M o r e o v e r ,  a s  c a n  b e  s e e n ,  
t h e  e q u a t i o n s  a r e  i n  s e m i - r e d u c e d  f c r m .  T h a t  i s ,  a  number o f  

e q u a t i o n s  h a v e  b e e n  combined  i n t o  a  s m a l l e r  s e t  o f  e q u a t i o n s .  
I n  t h i s  way, t h e  number o f  i n t e r d e p e n d e n c i e s  h a s  b e e n  r e d u c e d .  
However,  n o t  a l l  o f  t h e  i n t e r d ~ p e n d e n c i e s  h a v e  b e e n  removed 
by  a l g e b r a i c  m a n i p u l a t i o n  a n d  t h e  e s s e n c e  o f  t h e  s t r u c t u r a l  
d i a l o g u e  b e t w e e n  t h e  s p o t  a n d  f u t u r e s  m a r k e t s  h a s  b e e n  main-  
t a i n e d .  1 5  
A t  l e a s t  two i m p o r t a n t  c h a r a c t e r i s t i c s  o f  t h e s e  s u b s t i -  
t u t i o n s  w a r r a n t  some m e n t i o n .  F i r s t ,  t h e  m a r r i a g e  o f  E q u a t i o n  
( : !5) ,  s p o t  p r i c e  e x p e c t a t i o n s ,  w i t h  t h e  f u t u r e s  demand a n d  
s u p p l y  e q u a t i o n s ,  ( 2 2 )  a n d  ( 2 3 1 ,  r e s p e c t i v e l y ,  i n t r o d u c e s  d i s -  
t r i b u t e d  l a g s  on  f u t u r e s  p r i c e s ,  g o v e r n m e n t  f o r e c a s t s  a n d  t h e  
v a r i a t i o n s  i n  t h e s e  f s c t o r s ,  i n t o  t h e  s u p p l y  a n d  demand f o r  
f u t u r e s  c o n t r a c t s .  S e c o n d l y ,  b y  s u b s t i t u t i n g  t h e  r e l a t i o n s h i p s  
f o r  d o m e s t i c  p r o d u c t i o n  a n d  demand,  i n t o  t h e  s p o t  m a r k e t  c l e a r -  
i n g  e q u a t i o n ,  t h e  i m p l i c i t  e q u i l i b r i u m  s p o t  m a r k e t  p r i c e  be- 
comes a f u n c t i o n  o f  t h e  f a c t o r s  i n f l u e n c i n g  domes"; p r o d u c t i o n  
a n d  demand,  i n c l u d i n g  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  f u t u r e s  
p r i c e s  a n d  c r o p  p r o j e c t i o n s .  
A f e w  o t h e r  comments  a b o u t  t h e  e s t i m a t i n g  e q u a t i o n s  i n  
T a b l e  I V . l  a l s o  a r e  i n  o r d e r .  F i r s t ,  t h e  t e r m s  f o r  h o t  g o ,  
e t c . ,  a r e  t h e  " i n t e r c e p t s "  i n  t h e  v a r i o u s  e q u a t i o n s .  S e c o n d ,  
t h e  number of  c o m m o d i t i e s ,  m ,  d o e s  n o t  e x c e e d  f i v e .  T h e s e  
i n c l u d e :  s o y b e a n s ,  w h e a t ,  s o y b e a n  m e a l ,  s o y b e a n  o i l  a n d  c o r n .  
- 
151t i s  i n  t h i s  s e n s e  t h a t  t h e  e q u a t i o n s  i n  T a b l e  I V . 1  a r e  
s a i d  t o  b e  s e m i - r e d u c e d  f o r m  ( n o t  f u l l y  r e d u c e d ) .  
I n  a d d i t i o n  t o  t h e  a n a l y t i c a l  t r a n s i t i o n s  m e n t i o n e d  
a b o v e ,  t h e r e  a r e  a few e m p i r i c a l  c h a r a c t e r i s t i c s  t h a t  a l s o  
s h o u l d  b e  n o t e d .  F i r s t ,  d o m e s t i c  p r o d u c t i o n  i n  t h e  s p o t  mar- 
k e t  c a n n o t  b e  e s t i m a t e d  u s i n g  " p u r e "  m o n t h l y  d a t a  s i n c e  q u a r -  
t e r l y  o r  a n n u a l  d a t a  a r e  t h e  o n l y  o n e s  r e a d i l y  a v a i l a b l e  f r o m  
t h e  USDA o n  h a r v e s t e d  a c r e a g e  a n d  y i s l d .  T h u s ,  i t  w a s  n e c e s s -  
a r y  t o  c o n s t r u c t  a m o n t h l y  s e r i e s  f o r  d o m e s t i c  p r o d u c t i o n .  
T h i s  was d o n e  by  p r o r a t i n g  t h e  a n n u a l  c r o p  o v e r  t h e  h a r v e s t  
m o n t h s  a c c o r d i n g  t o  t h e i r  h i s t o r i c a l  m o n t h l y  h a r v e s t  p a t t e r n .  1 6  
The  y i e l d  f i g u r e s  f o r  a n y  o n e  y e a r  a re  t r e a t e d  h e r e  a s  exo-  
g e n o u s  a n d  a r e  a p p l i e d  t o  e a c h  h a r v e s t  month  e q u a l l y .  To  b e  
I 
s u r e ,  t h e  yield d i s t r i b u t i o : ? ~  w i t n i n  a  y e a r  f l u c t u e t e  f r o m  
, . 
y e a r  t o  y e a r  o w i n g ,  i n  p a r t ,  t o  p u r e l y  random f a c t o r s .  
C o n s e q u e n t l y ,  o u r  c o n s t r u c t  i s  a t  b e s t  a n  a p p r o x i m a t i o n  t o  
" r e a l i t y " .  S e c o n d l y ,  m o n t h l y  s t o c k s  o f  s o y b e a n s  w e r e  g e n e r a t e d  
f r o m  a b l e n d i n g  o f  a n n u a l  and  m o n t h l y  d a t a .  S t a t i s t i c a l  d i s c r e p -  
a n c i e s  emerge  he re  a l s o .  T h e s e  e r r o r s ,  h o w e v e r ,  a r e  s m a l l .  1 7  
T h i r d ,  t h e r e  a r e  a  nuh..5er o f  f u t u r e s  p r i c e  c o n t r a c t s ,  ( o n e  
m o n t h l y  s e r i e s  f o r  e a c h  c o n t r a c t  m o n t h ) ,  b u t  o n l y  a g g r e g a t e  
m e a s u r e s  o f  t h e  q u a n t i t y  o f  f u t i ~ r e s  c o n t r a c t s .  F o r  t h i s  r e a s o n ,  
a  s i n g l e  f u t u r e s  p r i c e  i n d e x  m u s t  b e  u s e d .  The  a p p r o a c n  u s e d  
- 
1 6 ~ h e  a c t u a l  c o n s t r u c t i o n  o f  t h e  s e r i e s  i s  p r e s , n t e d  i n  
S e c t i o n  1 V . C .  
h e r e  f o l l o w s  t h e  common p r a c t i c e  o f  c o n s t r u c t i n g  a  " n e a r  
f u t u r e s  p r i c e "  i n d e x .  S p e c i f i c a l l y ,  t h e  me thod  e m p l o y e d  i n  
t h i s  s t u d y  i s  t h e  o n e  s u g g e s t e d  b y  C o o t n e r  1121 a n d  u s e d  e x -  
t e n s i v e l y  b y  commodity t r a d e r s  a n d  b r o k e r s .  '* F i n a l l y ,  domes- 
t i c  c o n s u m p t i o n  i s  a v a i l a b l e  o n l y  i n  q u a r t e r l y  t o t a l s .  The  
c o n s t r u c t e d  m o n t h l y  ser ies  d i s t r i b u t e d  t h e s e  t o t a l s  e v e n l y  
wi th i : ,  t h e  q u a r t e r .  
No d o u b t  t h e  a p p r o x i m a t i o n s  m e n t i o n e d  a b o v e  C i l u t e  t h e  
f u l l  p o t e n t i a l  o f  t h a  mode l  h y g > t h e s i z e d  i n  Sectio--.  111. T h a t  
i s  n o t  t o  s a y ,  h o w e v e r ,  t h a t  t h e  r e s u l t s  w i l l  b e  u n i n t e l l i g i b l e  
o r  h i g h l y  i . j a c c u r a t e .  The a p p r o x i m a t i o n s  made h e r e  a l l  are  i n  
t h e  " r i g h t  d i r e c t i o n "  a n d  w i l l  n o t  i n t r o d u c e  o r d e r  o f  m a g n i t u d e  
e r r o r s  i n t o  t h e  e s t i m a t i o n  r e s u l t s .  A t  m o s t ,  t h e  e r r o r s  i n t r o -  
d u c e d  h e r e  w i l l  b e  o f  s e c o n d  o r d e r  s i g n i f i c a n c e ,  e - g . ,  t h e  
l e n g t h  o f  t h e  d i s t r i b u t e d  l a g  o n  some v a r i a b l e  o r  , h e  s t r u c t u r a l  
s i g n i f i c a n c e  o f  o b s e r v e d  a u t o c o r r e l a t i o n  i n  t h e  r e s i d u a l s .  To  
b e  s u r e ,  t h e s e  p r o b l e m s  a re  i n p o r t a n t  a n d  t h e i r  r e s o l u t i o n  i s  a  
w o r t h y  u n d e r t a k i n g .  N e v e r t h e l e s s ,  t h e  p r i n c i p a l  e m p i r i c a l  ob- 
j e c t i v e s  s t i l l  a r e  w e l l  w i t h i n  r e a c h :  t o  i d e n t i f y  a n d  m e a s u r e  
t h e  c r o s s  i m p a c t s  b e t w e e n  t h e  s p o t  a n d  f u t u r e s  m a r k e t s ,  t o  
m e a s u r e  t h e  i m p o r t a n c e  o f  m a r k e t  i n f o r m a t i o n  i n  t h e  t :a o f  
c r o p  f o r e c a s t s ,  t o  i d e n t i f y  a n d  m e a s u r e  t h e  r o l e  o f  n e t  e x p o r t s  
18T'he a c t u a l  c o n s t r u c t i o n  o f  t h e  s e r i e s  i s  p r e s e n t e d  i r ,  
S e c t i o n  1 V . C .  
on s p o t  a n d  f u t u r e s  p r i c e s  a n d  t o  d i s t i n g u i s h  b e t w e e n  l o n g -  
and  s h o r t - r u n  p a t t e r n s  o f  b e h a v i o r .  
B e f o r e  t a r n i n g  t o  o u r  r e s u l t s ,  we f u r t h e r  s u m m a r i z e  t h e  
d*. ta ,  t h e i r  s t r e n g t h s ,  w e a k n e s s e s ,  t r a n s f o r m a t i o n s ,  a n d  
a v a i l a b i t y .  
c .  The D a t a  
I n  t h e  f o l l o w i n g  p a r a g r a p h s ,  we s u m m a r i z e  t h e  
m a j o r  c h a r a c t e r i s t i c s  o f  t h e  d a t h  u s e d  i n  t h i s  s t u d y  a n d  t h e  
s o u r c e s  o f  t h o s e  d a t a .  A s  m e n t i o n e d  e a r l j e r ,  t h e  d a t a  n e e d e d  
t o  e s t i m a t e  t h e  s o y b e a n  model  d o  n o t  a l l  e x i s t  i n  t h e  m o s t  
c o n v e n i e n t  fo rm i f  t h e y  e x i s t  a t  a l l .  T h e s e  d a t a  l i m i t a t i o n s  
o n l y  c a n  b e  ove rcome  t h r o u g h  t h e  u s e  o f  s u r r o g a t e s  a n d  d a t a  
t r a n s f o r m a t i o n s .  The mos t  i m p o r t a n t  of  t h e s e  are l i s t e d  b e l o w .  
F i r s t ,  s i n c e  t h e  t o t a l  vo lume o f  f u t u r e s  c o n t r a c t s  a n d  
o p e n  i n t e r e s t s  a r e  n o t  c a t e g o r i z e d  as t o  t h e  c o n t r a c t  month  ( o f  
wh ich  t h e r e  a r e  s e v e n :  J a n u a r y ,  March ,  May, J u l y ,  A u g u s t ,  Sep-  
tnl7"ei a n d  November ) ,  some f o r m  o f  f u t u r e s  p r i c e  i n d e x  number  
m u s t  b e  c o n s t r u c t e d .  The i n d e x  u s e d  h e r e  was f i r s t  s u g g e s t e d  
by C o o t n e r  [ 1 2 J  a n d  commonly i s  c a , l e d  t h e  " n e a r  f u t u r e s  p r i c e " .  
I n  e s s e n c e ,  t h i s  p r i c e  i n d e x  t i e s  t h c  p r i c e s  o f  t h e  v a r i o u s  
f u t u r e s  c o n t r a c t s  t o  t h e  c o n t r a c t  month  p r e c e d i n g  t h e  h a r v e s t .  
I t  i s  a s sumed  t h a t  t h e  t r a d e r  a c q u i r e s  a  p o s i t i o n  a t  t h i s  t i m e  
a n d  c a r r i e s  i t  t h r o u g h  t h e  f o l l o w i n g  y e a r  s w i t c h i n g  f o r w a r d  t o  
t h e  n e x t  f u t u r e s  month  o n l y  a t  t h e  end  o f  t h o s e  m o n t h s  pre- 
c e d i n g  t h e  c o n t r a c t  m a t u r a t i o n  mon ths .  S i n c e  t F e  s o y b e a n  

Sixth, the crop forecast data used are USDA projection8 1 
and forecast inaccuracy was measured by the average absolute . 
I 1 
values of the forecast errors at different lead times over the 
estimation period considered. In general, each times series of 
forecast zrror variations takes on a saw tooth appearance with the 
largest variation farthest from the harvest month and declining to 
the smallest forecast error variation in the harvest month. This 
pattern was repeated each year. 
Seventh, FA0 per capita food production indices were used 
an an indicator of net foreign demands for food. These annual 
index numbers were converted to monthly indices using time 
polynomial regression estimates. P 
Eighth, the monthly consumer price inddx of the Department Z 
r 
5 
of Commerce was used as the index of general rates of inflation. $ 4. 
The monthly price indices for meat animals and farm production 
items also are those reported by the Department of Commerce. ,j 
I 
Ninth, a shift in open interest occurred in 1960. After 2 
1960, the Coamodity Exchange Authority reported open intent '4 
f 
only for the Chicago market and not all U.S. markets as was 
true prior to 1960. However, since 991 of the U.S. market 
activity was in Chicago, no special adjustments have been made 
to the data. 
Tenth, the effective monthly demand and supply of futures 
contracts were constructed from bi-monthly figures reported to 
the Commodity Exchange Authority on the 15th and last day of 
each  month. Here, t h e  bi-monthly f i g u r e s  were summed t o  ob- 
t a i n  t h e  monthly t o t a l s .  
E l even th ,  p r i v a t e  monthly e x p o r t s  were o b t a i n e d  by sub- 
t r a c t i n g  CCC e x p o r t s  from t o t a l  monthly U.S. e x p o r t s .  
Twel f th ,  p r i v a t e  s t o c k s  w e r e  approximated  u s i n g  d a t a  
s u p p l i e d  t o  t h e  Commodities Research  Bureau by o v e r  450 of t h e  
l a r g e s t  h o l d e r s  o f  i n v e n t o r i e s  and a d j u s t i n g  t h e i r  q u a r t e r l y  
t o t a l s  t o  e q u a l  t h e  q u a r t e r l y  t o t a l  p r i v a t e  s t o c k s  r e p o r t e d  
by t h e  USDA. 
F i n a l l y ,  monthly p r i v a t e  domes t i c  demand ( d i s a p p e a r a n c e )  
a l s o  was c r e a t e d  by add ing ,  o r  s u b t r a c t i n g  as t h e  case may be ,  
monthly p r o d u c t i o n  and changes  i n  CCC s t o c k s  (CCC demand) to  
monthly changes  i n  t o t a l  monthly U.S. g tocks .  T h i s  was done 
as a  check and  a l t e r n a t i v e  t o  t h e  o t h e r  app roach  d e s c r i b e d  
above. 
The f o l l o w i n g  p u b l i c :  Sons c o n s t i t u t e  t h e  major s o u r c e s  
of d a t a  used i n  t h e  e s t i m a t i o n  model. 
Commitments o f  T r a d e r s  i n  Commodity F u t u r e s  [ 9 ] .    his 
s o u r c e  c o n t a i n s  manthly f i g u r e s  f o r  t o t a l  f u t u r e s  
t x a d i n g  volume, open i n t e r e s t ,  and l o n g  and s h o r t  
hedg ing  and s p e c u l a t i v e  p o s i t i o n s .  
The S t a t i s t i c a l  Annual o f  The Chicaqo Board o f  T rade  18).  
The s o u r c e  c o n t a i n s  monthly U.S.  s t o c k s  o f  whea t ,  
c o r n ,  and soybeans .  
Food G r a i n  S t a t i s t i c s -  [84]  T h i s  USDA p u b l i c a t i o n  r e p o r t s  
m o n t h l y  CCC e x p o r t s  a n d  q u a r t e r l y  U.S .  s u p p l y  a n d  
! : d i s a p p e a r a n c e .  
Crop P r o d u c t i o n  R e p o r t s ,  P r o s p e c t i v e  P l a n t i n g s  R e p o r t ,  
a n d  Annual  Summary- 1831. T h e s e  p u b l i c a t i o n s  g i v e  m o n t h l y  
p l a n t i n g  i n t e n t i o n s ,  a c r e a g e ,  y i e l d  fo r  a l l  c r o p s  
i n c l u d i n g  soybeans .  
P a t s  a n d  O i l s  S i t u a t i o n  Reports (831. T h i s  data s o u r c e  
i n c l u d e s  soybean  o i l  prices, the prices of o t h e r  
o i l s ,  e x p o r t s ,  and  government  b u y i n ~  a n d  s e l l i n g  
o p e r a t i o n s .  
- ,  
The F e e d  S i t u a t i o n  R e p o r t  ( 8 7 ) .  T h i s  p u b l i c a t i o n  i n c l u d e s  
i 
t 
5 .  
- .  price, e x p o r t  and government  o p e r a t i o n s  data for  soy-  
b e a n  meal, a n d  c o m p e t i n g  a n i m a l  f e e d s .  
0 The Monthly R e p o r t  o f  The F e d e r a l  R e s e r v e  S y s t e m  (51. 
T h i s  p u b l i c a t i o n  c o n t a i n s  week ly  a n d  m o n t h l y  c r e d i t  
a n d  i n t e r e s t  rate s t a t i s t i c s .  
The S u r v e y  o f  C u r r e n t  B u s i n e s s  ( 8 9 ) .  T h i s  p u b l i c a t i o n  f 
t 
i n c l u d e s  month ly  GNP, a n d  commodity price i n d e x  , . 
numbers ,  among o t h e r  s t a t i s t i c s ,  
The Commodity Yearbook o f  t h e  Commodity R e s e a r c h  Bureau  I101. 
T h i s  p r i v a t e l y  p u b l i s h e d  document  c o n t a i n s  m o n t h l y  
s t o c k ,  p r i c e ,  and  e x p o r t  data for a l l  major c o m m o d i t i e s ,  
rood and Agricultural Organization: Production Yearbook (80). 
This United Nations publication includes annual food 
production and population figures for all major 
regions of the world as well as index numbers of their 
per capita food production. 
Food and Agricultural Organization: Trade Yearbook (81). 
This United Nations publication reports annual trade 
figures for all major regions of the world. Included 
here are annual imports and exports, shipping rates, 
and world prices. 
d. Estimation Results 
In general, the empirical results are most 
encouraging. Following the estimation methods described above 
the resulting estimates are highly accurate. The squared 
c.>rrelation coefficients in the trenh equation all lie above 
-90 and the Durbin-Watson "dm statistics lie between 1.95 and 
2.01. Moreover, the auto- and cross-spectral representations 
of the residuals do not exhibit significant power concentration 
or coherences at the 20% level. Likewise, the residuals from 
the seasonal equations do not exhibit significant auto- or 
cross-spectral power concentration and the "d" statistics lie 
between 1.80 .ad 1.96. However, it rust be noted that the squared i i 
2-* i 
correlation coefficients for the seasonal equations are not as *-' 1 
high as those for the trend equation. Here, the R~ lie 
between -58 and . 76 .  T.dse results are not disturbing when 
I t 
one realizes that the seasonal components contain most of the 
I 
' i
noise in the series. I 1 
I n  Table I V . 2  we present the  major s t a t i s t i c a l l y  
s ign i f i can t  impulse response e l a s t i c i t i e s  estimated i n  the 
soybean model. The elasticities represent the f u l l  impact of ' 
an impulse on the indicated response variable .  That is ,  the  
I 
e l a s t i c i t i e s  r e f l e c t  the sum of the *laggedw c o e f f i c i e n t s  on 
the impulse variables.  
For the  most p a r t  the  economic r e s u l t s  correspond 
t o  what we could expect from economic theory. Nevertheless 
each s c ? t  of e l a s t i c i t i e s  warrants some preliminary comment here. 
Net Private  Exports: I n  the  long run, ne t  
pr iva te  exports of soybeans a r e  most responsive t o  changes i n  
Asian per cap i t a  food production: a r e s u l t  t h a t  p a r a l l e l s  
the quant i ty  consumption of U . S .  soybean exports. Not surpr is -  
ingly,  U . S .  soybean exports a r e  very responsive t o  European 
per capi ta  food production as  well. I t  appears, however, t h a t  
foreign demand i s  not irresponsive t o  p r i ce  a s  indicated by the 
high e l a s t i c i t y  of - . 8 4 .  Preliminary inves t iga t ion  suggests 
t h a t  the differences between the  p r i c e  and food production 
e l a s t i c i t i e s  a r e  accounted f o r  by a combination of episodic 
emergency needs on the one hand and s t rong long-term balance of 
t rade  des i re s  on the other  hand. Because many of the monthly 
data  used were constructed from annual da ta ,  no seasonal 
estimates appear. 
Pr ivate  Domestic Demand: A s  expected, corn 
is a s u b s t i t u t e  fo r  soybeans. The pr ice  e l a s t i c i t y  between 
them however appears t o  ha somewhat low but not an order of 
magnitude er ror .  The most s t r i k i n g  r e s u l t s  a r e  the  fu tu res  
.
 
.
,
_
.
 
.
 
.
 
L
.
.
 
.
 
,
 
,
\
 
,
 
,
 
, 
I
 
,
_
 
.
 
,
 
.
 
,
.
 
.
.
A. 
v.- 
_
_
_
-
 -
_
_
 
_
 
.
_
.
-
-
 
-
-
 
-
 
-
 
.
 
.
.
 
.
,,
..
..
-.
 4.-."
,- 
-
#
,.
,,
*~
~
*~
- 
and cash price elasticities. The cash price elasticity appears 
somewhat large at -.4 but has the right sign and is within the 
range of cash price elasticities measured by others [ 3 4 1 .  
The most startling result is the futures price elasticity of 
+1.51. In addition to being large the sign is difficult to 
interpret. There is however one explanation that carries 
some weight: cash commodities may be bought during rising 
futures prices in anticipation of potential profits from 
backwardation. In this context the results are in keeping with 
economic theory. Once again, short-run elasticities are not 
reported owing to data considerations. 
Private Stocks: The elasticities on exports 
and domestic demand follow from accounting identities and need 
no special comment here. The fact that private stocks and 
production don't have an elasticity of one as expected, probably 
is a result of data inconsistencies. The -1.25 long-run price 
elasticity is within reason as is the -2.3 short-run price 
elasticity. The .45 and .68 elasticities with respect to soy 
oil prices are not hard to accept when one realizes that 
rising soy oil prices promise higher bean prices anr. speculative 
hoarding may take place. 
Production:' In the long term both future and 
cash prices influence production decisions strongly. These 
results were not paralleled in the short term, however. In 
part, this inconsistency may be the result of our estimating 
of production in the aggregate and not estimating acreage and 
yield separately. 
S h o r t  Xedsinq:  A s  h y p o t h e s i z e d ,  s t o c k s  p l a y  
a n  i n f l u e n t i a l  r o l e  i n  h e d g i n g  w i t h  g r e a t e r  i m p a c t  i n  t h e  s h o r t -  
r u n  t h a n  i n  t h e  l o n g  r u n 1  a l s o  a s  e x p e c t e d .  The t r e n d  i n  t h e  
n e a r  f u t u r e s  p r i c e  o f  c o r n  a l s o  i n f l u e n c e s  t h e  t r e n d  i n  t h e  
s u p p l y  o f  f u t u r e s  c o n t r a c t s  a s  o n e  m i g h t  e x p e c t  s i n c e  s o y  o i l  
and  c o r n  o i l  a r e  s u b s t i t u t e s .  Most i m p o r t a n t ,  t h e  l o n g -  a n d  
s h o r t - r u n  s u p p l i e s  o f  f u t u r e s  c o n t r a c t s  a p p e a r  t o  b e  i n f l u e n c e d  
by  t h e  a c c u r a c y  o f  c r o p  p r o j e c t i o n s ,  
Long S p e c u l a t i o n :  Here, t h e  mos t  i m p o r t a n t  
f a c t o r  a p p e a r s  t o  b e  mone ta ry  c o n d i t i o n s  i . e .  t h e  a v a i l a b i l i t y  
o f  c r e d i t ,  as  r e f l ec ted  i n  t h e  i n t e r e s t  r a t e  on U - S .  Government3-  - 
t o  6-month T r e a s u r y - B i l l s .  I n  s o  f a r  as s p e c t a t o r s  - t ake  n e t  
f i n a n c i a l  (as opposed  t o  p h y s i c a l )  p o s i t i o n s  t h i s  r e s u l t  i s  n o t  
s u r p r i s i n g .  What i s  s u r p r i s i n g  i s  t h e  s i z e  o f  t h e  r e s p o n s e  i n  
t h e  l o n g  r u n ,  - . 7 3 .  Its  a b s e n c e  i n  t h e  s h o r t - r u n  i s  n o t  d i s -  
-$ i 
. . 
t u r b i n g  owing t o  t h e  t e c h n i c a l  r i g i d i t i e s  i n  c o o r d i n a t i n g  
s h o r t - t e r m  f u t u r e s  t r a d i n g  a n d  s h o r t - t e r m  money m a r k e t  a c t i v i t y .  
Near  F u t u r e s  P r i c e :  The e l a s t i c i t i e s  r e p o r t e d  - .  t 
h e r e  s t e m  f rom t h e  h y p o t h e s i z e d  r e l a t i o n s h i p  be tween  n e t  e f f e c -  
t i v e  open  i n t e r e s t  a n d  t h e  change  i n  t h e  n e a r  f ~ t u r e s  p r i c e s .  
The r e s u l t s  s u g g e s t  t h a t  t h e  n e a r  f u t u r e s  p r i c e  moved s l i g h t l y  
i n  r e s p o n s e  t o  i m b a l a n c e s  be tween  s u p p l y  a n d  demand and 
o b v e r s e l y  t h a t  s m a l l  movements i n  p r i c e s  e l i c i t  l a r g e  movements 
i n  s u p p l y  and  demand. 
2 .  Wheat 
a .  I n s t i t u t i o n a l  Overview 
The C h i c a g o  Board o f  T r a d e  a c c o u n t s  f o r  o v e r  
, 85% o f  t h e  t r a d i n g  a c t i v i t y  i n  wheat  c o n t r a c t s .  A c o n t r a c t  
c o n s i s t s  o f  5000 b u s h e l s  and  t h e  c o n t r a c t  months  a r e  J u l y ,  
Sep tember ,  December, March, and May. Wheat is h a r v e s t e d  f rom 
J u n e  t o  Sep tember  and t h e  most  h e a v i l y  t r a d e d  c o n t r a c t  is May. 
P r i c e s  are q u o t e d  i n  c e n t s  p e r  b u s h e l .  The s m a l l e s t  r e c o r d e d  
p r i c e  movement i s  1 / 8  c e n t  o r  $6.25 a c o n t r a c t .  The l a r g e s t  
a d m i s s i b l e  d a i l y  p r i c e  f l u c t u a t i c n  i s  1 0  c e n t s  p e r  b u s h e l  o r  
a p 2 r o x i m a t e l y  $2.20 p e r  b u s h e l  p e r  month. 
The Government p l a y s  a  s t r o n g  r o l e  i n  t h e  
m a r k e t  f o r  whea t .  Most o f  t h e  c a r r y o v e r  f rom y e a r  t o  y e a r  is  
owned by  t h e  Commodity C r e d i t  C o r p o r a t i o n ,  a n  a g e n c y  o f  t h e  
Depar tment  o f  A g r i c u l . t u r e .  The l o a n  r a t e  g i v e n  t o  p r o d u c e r s  
by t h e  Government i s  t h e  l e v e l  a r o u n d  which p r i c e s  f l u c t u a t e .  
U.S. e x p o r t s  o f  wheat  a r e  made p r i m a r i l y  by t h e  Government,  
s i n c e  Government wheat  p r i c e  s u p p o r t s  t e n d  t o  b e  s u b s t a n t i a l l y  
above  w o r l d  m a r k e t  p r i c e s .  
U n l i k e  s o y b e a n s ,  t h a t  are l a r g e l y  t r a n s f o r m e d  
i n t o  o i l  and  meal, t h e  l a r g e s t  s o u r c e  o f  d o m e s t i c  d i s a p p e a r a n c e  
o f  wheat  i s  f o o d  consumpt ion  a n d ,  t h e r e f o r e ,  t h e  p r i c e s  o f  
t r a n s f o r m e d  whea t  p r o d u c t s  s u c h  a s  b r e a d  w i l l  b e  r e f l e c t e d  i n  
wheat  p r i c e s .  
One o f  t h e  most  i m p o r t a n t  " s u b s t i t u t e s H  f o r  
b i l ea t  is  c o r n  and  a f a v o r i t e  v e h i r l e  f o r  s p e c u l a t o r s  h a s  b e e n  
t h e  s p r e a d  be tween  l o n g  December whea t  a n d  s h o r t  December c o r n .  
Corn and whea t  h a r v e s t s  a r e  a p p r o x i m a t e l y  3 months o u t  o f  p h a s e ,  
w i t h  wheat  p r e c e d i n g  c o r n .  A c c o r d i n g l y ,  o n e  c a n  e x p e c t  t o  s e e  
t h r e e  month c o r n  f u t u r e s  i n f l u e n c i n g  s p o t  w h e a t  p r i c e s .  O t h e r  
: ' I .  
I f 
1e.e important complements and substitutes include oats and rye. I 
These commodities are not considered here. 
b. The Model 
The core of the wheat model consists of eight 
behavioral equations. These equations are presented in Table 
IV.3 and, like the soybean model in Table IV.1, are in linear 
semi-reduced form. The structural dialogue between the spot 
and fqrtures markets is similar to that discussad in the soybean 
model and need not be repeated here. Similarly, the data 
transformations also are the same for the wheat model as for 
the soybean model. It should be noted, however, that the 
length and timing of the distributed lags in the wheat model 
should'be quite different from those in the soybean market 
since the harvests are out of phase with one another and are 
of different lengths. Thus, for example, the impact of USDA 
forecast: can be expected to exert a different patthrn of 
influence on wheat prices than on soyht?an prices. 
c. The Data 
For the most part, the data used in the wheat 
model required the same type of data transformations and are 
subject to the same shortcomings as in the soybean model. 
Accordingly, these procedures are not repeated here. However, 
there are some exceptions worth noting. First, the "linkingn 
contract month for wheat was taken to be May, the most heavily 
traded contract. Secondly, the domestic wheat harvest distri- 
bution is spread out over the months from June through 
September. The corresponding USDA forecasts and their standard 
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errors are in June, July, August, September and October. The 
October "forecast", like the November soybean Hforecast'a occurs I 
! 
after the harvest owing to reporting delays. - j 
:I 
The data sources used for the wheat model, for 
the most part, are the same as those listed for the soybean 
model. The major additions to these sources include: 
wheat Situation Report[SO].This source is one of the 
most complete data libraries for the grain markets 
in general. Included in its lists are weekly price 
changes, CCC sales, domestic stocks, exports, and 
crop forecasts. 
B The Grain Market News [ 8 5 ] .  This rource provides both 
weekly and monthly summaries of the week's markets, 
exports of wheat and flour, and govern:,drnt activity 
and U.S. prospective plantings. 
. The Quarterly Stock of Grain in A11 Positions Rep0rt[88], 
This source provides a quarterly breakdown of the 
stocks of wheat by size, location, and ownership. 
d. Estimation Results 
The emperical results for the wheat model also 
are encouraging. As is the case for soybeans, the trend 
equations explained over .90 per cent of the variation and the 
residuals from these estimating equations do not exhibit statis- 
tically significant serial correlation. The auto- and 
cross-spectral analyses of the estimation residuals did not 
reveal significant power concentrations at the 201 level and 
the Durbin-Watson "d" statistics lie between 1.89 and 2.08. 
The "seasonal" estimatinq equations explain between 45 per cent 
and 80 per cent of the variation. Although the : are lower 
for the seasonal equations than for the trend equations it must 
be noted that the,seasonal components contain a majority of 
the noise in the original series. Unlike the other estimating 
equations in the soybean and wheat !aodels the seasonal equations 
in the wheat model did exhibit some statistically significant 
positive auto-correlation. In particular, the production 
equation had a "d" statistic of 1.43 and a significant power 
concentration in the 60 to 84 month spectral band. Although 
the estimating equation did not capture this source of variation 
the residuals are uncorrelated with the other series of residuals 
and the total trend plus seasonal variation explained exceeds 
85 per cent. 
In Table IV.4 we present the major statistically 
significant impulse-response elasticities estimated in the wheat 
model. As in the soybean model the elasticities represent the 
full imgact of an impulse on the indicated response variable 
i.e. they reflect the net impact of the impulse over time. 
The results do not contain any major surprises 
and conform closely to what one would expect. However, sach 
of the relationships warrants some further comment. 
Net Private Exports: The most influential 
factor in lcng-term net private wheat exports appears to be 
European per capita food production. This result, of course, 
corresponds with the dominant U.S. wheat flow to Europe. The 
price elasticity of -1.47 appears high but of the correct sign. 

S i m i l a r l y ,  t h e  . 4  e l a s t i c i t y  o n  t h e  w o r l d  p r i c e  r e p r e s e n t i n g  
Canada,  A r g e n t i n a ,  and  A u s t r a l i a  a p p e a r s  t o  be h i g h  b u t  of t h e  
c o r r e c t  s i g n .  I t  must  be remembered however t h a t  these are 
p r i v a t e  e x p o r t s  and  t h a t  U . S .  Government e x p o r t s  made up  t h e  
v a s t  m a j o r i t y  o f  U.S. e x p o r t s  o v e r  1961-1971. -Owing t o  t h e  
a b s e n c e  o f  q u a r t e r l y  o r  month ly  data ,  n o  s h o r t  t e r m  e l a s t i c f t i e s  
a r e  r e p o r t e d .  
P r i v a t e  D o m e s t i c  Demand: The f u t u r e s  and 
c a s h  p r i c e s  a p p e a r  t o  e x e r t  v e r y  s t r o n g  i n f l u e n c e s  o n  p r i v a t e  
d o m e s t i c  demand. The p o s i t i v e  s i g n  o n  t h e  n e a r  f u t u r e s  p r i c e  
may r e f l e c t  p r o c e s s o r s ' d e s i r e s  t o  "buy now a n d  s a v e  la term.  
The n e g a t i v e  s i g n  on t h e  c a s h  p r i c e ,  o f  c o u r s e ,  is what  o n e  
would e x p e c t .  Again owing t o  t h e  a n n u a l  n a t u r e  o f  t h e  data  1 
a 
o n l y  l o n g - t e r m  a s s o c i a t i o n s  c o u l d  be tested p r o p e r l y  and  5 P 
r e p o r t e d .  
r P r i v a t e  S t o c k s :  The r e s p o n s e s  o f  p r i v a t e  s t o c k s  
i 
t o  e x p o r t s ,  d o m e s t i c  demand a n d  p r o d u c t i o n  f o l l o w  from a c c o u n t i n g  4 
i d e n t i t i e s  a n d  n e e d  n o t  be d i s c u s s e d  f u r t h e r .  The n e g a t i v e  
e l a s t i c i t i e s  on long-  a n d  s h o r t - t e r m  c o r n  p r i c e  movements 
u n d e r s c o r e  t h e  s u b s t i t u t a b i l i t y  o f  c o r n  a n d  wheat .  The greater 
c r o s s  e l a s t i c i t y  i n  t h e  s h o r t  r u n  a l s o  comes as  no  s u r p r i s e .  
The most  i n t e r e s t i n g  r e s u l t s  are t h e  n e g a t i v e  e l a s t i c i t i e s  on 
t h e  f u t n r e s  p r i c e  and  t h e  p o s i t i v e  e l a s t i c i t i e s  on t h e  c a s h  
p r i c e .  I n  a s p e c u l a t i v e  s e n s e  t h i s  i s  o p p o s i t e  t o  wha t  o n e  
would e x p e c t  u n d e r  normal  c o n d i t i o n s .  No d o u b t ,  t h e s e  r e s u l t s  
r e f l e c t  i n  p a r t  t h e  heavy  p o l i c y  a c t i o n s  o f  t h e  U.S. Government 
i n  t h e  wheat  marke t .  
Production: U.S. wheat production appears to 
respond strongly to movements in cash and futures prices. The 
positive association of course is the only one that rakes sense. 
The magnitude however is high and again ray be the result of 
Government price stabilization policies. No distinctfon was 
made between the long and short run here owing to the psuedo- 
periodic and non-stationary character of production. 
Short Hedginp: The supply of futures contracts 
does respond strongly to the accuracy of crop forecasts 
especially in the long run. One would expect just the opposite 
intensities but, the wheat harvest covers many months unlike 
soybeans and this physical fact may account for the results, 
The most disturbing result is the negative association to stocks. 
However, these results also may be a reflection of hedgers' 
responses to Government purchases or sales. 
Long Speculation: Here, as in the market for 
soybeans, money market conditions, as reflected in the trend in 
Treasury Bill rates, are the dominant influence. As noted 
earlier this corresimnds to the predominantly financial 
character of speculators. 
Near Future Price: The response of long- and 
short-term near futures prices to hedging and speculating is 
very shallow i.e. moderate changes in near futures prices 
coincide with very large changes in the quantities of future 
contracts exchanging hands. 
3. General Conclusions 
There are a number of important conclusions to be 
drawn from these case studies. They are: 
The general structure of the spot and futures 
markets for agricultural couodities are very 
similar as indicated by the elasticities 
presented in Tables IV.2 and IV-4. That is 
not to say that the impulse response relation- 
ships are identical but rather that the 
structural linkages are similar as hypothesized, 
The accuracy of crop Lorecasts, as measured 
by their error variation, exert a statistically 
significant influence on the futures market in 
both the long and short run, 
Hedging activity is closely related to physical 
stocks of agricultural commodities. 
4 Movements in cash or spot prices are closely 
related to movements in physical supplies. 
Net private exports are highly responsive to 
U.S. prices .and per capita foreign food 
production. 
Domestic private demands for wheat and soybeans 
are responsive to the spot prices for those 
commodities. 
Production of soybeans and wheat is responsive 
to both cash and futures priccs. 
Regular  s e a s o n a l  p a t t e r n s  e x i s t  i n  t h e  f u t u r e s  
marke t s  f o r  soybeans  and  wheat. 
From t h e s e  c o n c l u s i o n s  a few i m p o r t a n t  i n f e r e n c e s  
ciha be drawn conce rn ing  t h e  impor tance  o f  e x p o r t s  and c r o p  
+ :a recas t  i n f o r r a t i o n  on the m a r k e t s  f o r  soybeans  and  wheat. 
They are: 
Crop f o r e c a s t  error v a r i a t i o n  (a measure o f  
i n a c c u r a c y )  is p o s i t i v e l y  r e l a t e d  t o  Z o u o d i t y  
p r i c e s .  T h a t  is, t h e  h i g h e r  t h e  f o r e c a s t  error 
v a r i a t i o n  t h e  h i g h e r  t h e  pr ice ,  and obve r se ly ,  
the more a c c u r a t e  t h e  f o r e c a s t s  t h e  l o v e r  t h e  
p r i c e .  
La rge  unexpec ted  s u r g e s  i n  f o r e i g n  demand w i l l  
have a pronounced e f f e c t  on domestic p r i c e s ,  
Fur thermore ,  t h e s e  unexpec ted  s u r g e s  may be 
viewed as i n a c c u r a t e  f o r e c a s t s  on t h e  demand 
s i d e .  To t h e  e x t e n t  t h a t  t h e s e  s u r g e s  i n  
demand r e s u l t  from unexpec ted  h a r v e s t  r e s u l t s  
i n  f o r e i g n  c o u n t r i e s ,  t h e y  r a y  be viewed a s  
i n a c c u r a t e  f o r e i g n  c r o p  p r o d u c t i o n  f o r e c a s t s .  
a From t h e  above i n f e r e n c e  it f o l l o w s  d i r e c t l y  
t h a t  t h e  a c c u r a c y  o f  b o t h  domes t i c  and  f o r e i g n  
c r o p  p r o d u c t i o n  f o r e c a s t s  a r e  a n  i m p o r t a n t  
i n f l u e n c e  on domestic U-S. commodit ies  marke ts .  
These c o n c l u s i o n s  have s t r o n g  i m p l i c a t i o n s  toward 
t h e  hr l e f i t s  t h a t  may be d e r i v e d  from ERS c r o p  f o r e c a s t  
 ifor or mat ion and U.S. Government a g r i c u l t u r a l  p o l i c i e s .  These 
t o p i c s  a r e  t h e  s u b j e c t  o f  t h e  f o l l o w i n g  s e c t i o n .  
V. POLICY COORDINATION AND THE VALUE OF 
ERS INPORNATION 
In this section we discuss the value of ERS 
information and its role in coordinating U.S. Government 
agricultural policy. The material is presented in two parts. 
In Part A we present the rationale for ERS benefits to 
society, a methodology for estimating those benefits and 
preliminary estimates of those benefits based on the results 
presented in Section IV of this study. In Part B we discuss 
the potential uses of ERS crop forecasts in coordinating U.S. 
Government agricultural policies. In particular, the discussion 
focuses on the role of ERS information in the Governments' 
domestic purchases, sales and exports of agricultural 
commodities. 
A. The Value of ERS Information 
The only physical products of a space-based ERS system are 
hard copy photographic prints, computer compatible digital 
tapes, and data collected by earth-based data collection 
platforms ( D C P s )  which are relayed to ground stations by 
space-based data collection systems (DCS). These products 
have little economic value aside from those associated with 
the interesting pictures that one might buy to hang on a wall. 
The economic value of an ERS system derives from the economic 
value of the information it produces. The value of this 
information is reviewed here. 
1. Rationale for Benefits 
Estimates of crop acreage and yields, leading to 
forecasts of total production levels, are essential for 
efficient planning in all phases of product processing and 
distribution. Accurate forecasts permit precise planning for 
more efficient transportation and processing of commodities, 
and can help identify potential shortages. Reliable final 
yield and acreage estimates provide the information necessary 
for optimal capital investment by processors, and allow 
estimates of future demands for farm machinery and services. 
The forecast of agricultural production is an activity 
of major importance in the acnagement of natural resources and 
it is practiced in virtually all countries of the world. The 
reasons for social benefits accruing to improved crop forecast 
accuracy are straightforward. 
a Inaccurate forecasts result in distorted prices 
that in turn cause a net decrease in social welfare. 
Timely and accurate forecasts of surpluses or 
shortfalls allow Governments and private operators 
to plan domestic and foreign policies and actions: 
e.g., increased output, reduced costs, remedial 
action against declining prices. 
a Accurate forecasts allow Governments and private 
operators to optimize the utilization of existing 
storage, transportation, processing infra- 
structures and facilities. 
F o r  example ,  c o n s i d e r  a  s i m p l e  example  p e r t a i n i n g  t o  
t h e  p r o d u c t i o n  o f  wheat .  A f a r m e r ,  h a v i n g  r a i s e d  a  m a r g i n a l  
w i n t e r  whea t  c r o p  and i n  t h e  p r e s e n c e  o f  a f o r e c a s t  f o r  a 
r e c o r d  wheat  h a r v e s t ,  m i g h t  c h o o s e  n o t  t o  h a r v e s t  h i s  w h e a t ,  
bat plow it u n d e r  f o r  a  summer c r o p .  The whea t  c r o p  f o r e c a s t  
c f  a r e c o r d  wheat  h a r v e s t  s e r v e d  t o  r e d u c e  t h e  m a r k e t  p r i c e  
s t r u c t u r e  ( t h e  s e t  o f  p r e s e n t  and f u t u r e  p r i c e s )  o f  w h e a t ,  
s i n c e  i n c r e a s e d  s u p p l y  i n t e r a c t i n g  w i t h  unchanged demand w i l l  
d e p r e s s  p r i c e s .  From t h e  f a r m e r ' s  v i e w p o i n t ,  h i s  e x p e c t e d  
p r o f i t s  ( r e v e n u e s ,  which depend upon t h e  l i k e l y  m a r k e t  p r i c e  
minus  h i s  costs) are c l o s e  t o  z e r o ,  or  n e g a t i v e ,  and h i s  
c o r r e c t  d e c i s i o n  i s  n o t  t o  h a r v e s t  o r  t o  plow u n d e r  most  o f  it. 
I f  ERS--derived i n f o r m a t i o n  ( h a v i n g  t h e  a t t r i b u t e s  o f  be; n g  
more t i m e l y  and a c c u r a t e  t h a n  s a m p l e s  drawn by c o n v e n t i o n a l  
means) i n d i c a t i n g  a  r e d u c e d  whea t  h a r v e s t  h a d  b e e n  a v a i l a b l e  
e a r l i e r ,  t h e  f a r m e r  m i g n t i n s t e a d  h a v e  c h o s e n  t o  h a r v e s t  more 
o f  h i s  wheat .  
Al though  t h e  r a t i o n a l e  f o r  b e n e f i t s  i s  s t r a i g h t f o r w a r d ,  
t h e  v a l u a t i o n  o f  t h e s e  b e n e f i t s  i s  n o t  i n t u i t i v e l y  o b v i o u s .  
T h i s  i s s u e  i s  d i s c u s s e d  n e x t .  
2.  A Methodology f o r  V a l u a t i o n  
The v a l u e  o f  i n f o r m a t i o n  c a n  b e  d e t e r m i n e d  u s i n g  
s t a n d a r d  economic  t h e o r y  of  s u p p l y  a n d  demand. F i g u r e  V.i 
p r e s e n t s  a  t y p i c a l  demand c u r v e  f o r  a  commodity. Each consumer 
is f a c e d  w i t h  a  b u d g e t  c o n s t r a i n t w h i c h  p l a c e s  a  l i m i t  upon t h e  
amount o f  goods  a n d  s e r v i c e s  t h a t  h e  c a n  command (buy i n  t h e  
m a r k e t )  a t  a n y  g i v e n  t i m e .  The consumer ,  t h e r e f o r e ,  v i e w s  
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h i s  consumpt ion  o f  a n y  g i v e n  commodity a s  a d e c i s i o n  t o  forego 
o t h e r  a l t e r n a t i v e s  t h a t  a r e  a v a i l a b l e  t o  him. Hence,  t h e  
economic  c o n c e p t  o f  " o p p o r t u n i t y  c o s t , "  t h a t  i s ,  t h e  economic  
c o s t  o f  a n  a c t i o n  i s  what  i s  f o r c g o r e  as i t s  c o n s e q u e n c e .  
Anyth ing  t h a t  c a n  r e d u c e  t h e  o p p o r t u n i t y  c o s t s  o f  a c t i o n s  
( d e c i s i o n s )  i n d e e d  p r o v i d e s  economic  b e n e f i t s ,  a n d ,  a s  w i l l  
b e  shown, t h i s  i s  p r e c i s e l y  t h e  ro le  t h a t  i n f o r m a t i o n  p l a y s  
and t h e  means by which it o b t a i n s  i t s  economic  v a l u e .  I n  
t h e  same example  o f  t h e  f a r m e r ,  t h e  o p p o r t u n i t y  c o s t s  o f  p l o w i n g  
u n d e r  h i s  w i n t e r  c r o p  were t h e  n e t  r e v e n u e s  f o r e g o n e  b y  t h e  a c t i o n .  
I f ,  a s  t h e  example  c o n t e n d e d ,  t h e  m a r k e t  p r i ce  were (owing t o  
a  f o r e c a s t  o f  a  l a r g e  c r o p )  r e l a t i v e l y  low,  t h e n  t h e  o p p o r t u n i t y  
c o s t s  o f  t h e  p lowing-under  d e c i s i o n  would b e  z e r o  o r  e v e n  
n e g a t i v e  ( i . e . ,  t h e  f a r m e r  would l o s e  money i f  h e  d e c i d e d  t o  
h a r v e s t ) .  B u t ,  as t h e  e>-ample went  on t o  show, t h e  a c t u a l  s t a t e  
o f  t h e  w o r l d  was n o t  a  b o u n t i f u l  h a r v e s t  a n d  t h e  m a r k e t  p r i c e  
-
when t h e  f a r m e r  would s e l l  was h i g h e r .  Thus  t h e  r e a l i z e d  or  
e x  p o s t  o p p o r t u n i t y  c o s t  o f  p l o w i n g  u n d e r  was p o s i t i v e  a n d  
t h e  f a r m e r  s h o u l d  h a v e  h a r v e s t e d  and  b r o u g h t  t h e  w h e a t  t o  
m a r k e t .  The v a l u e  t o  t h e  f a r m e r  o f  t h e  "be t t e rw (more t i m e l y ,  
more a c c u r a t e ,  more c o m p l e t e ,  e tc)  i n f o r m a t i o n  s u c h  a s  t h e  
k i n d  t h a t  c o u l d  b e  o b t a i n e d  f r o m a n  ERS s y s t e m ,  i s  h i s  n e t  
r e v e n u e  improvement  o b t a i n e d  f rom t h e  c h a n g e  i n  d e c i s i o n  d u e  
t o  t h e  i n f o r m a t i o n .  
R e t u r n i n g  t o  F i g u r e  V . l ,  the-demand c u r v e  i l l u s t r a t e s  t h e  
amount o f  a n  i t e m  a comsumer w i l l  buy a t  a g i v e n  p r i c e  o r ,  obversely, 
, t h e  p r i c e  a  consumer w i l l  pay f o r  a  g i v e n  q u a n t i t y .  Owing t o  
d i m i n i s h i n g  m a r g i n a l  u t i l i t y  t h e  consumer may be w i l l i n g  t o  pay  
p r i c e  PI f o r  t h e  f i r s t  u n i t  consumed b u t  pay o n l y  p r i c e  Pi f o r  
t h e  ith u n i t e d  consumed. Assuming monay i s  a f i r m  measu r ing  r o d  
o "  u t i l i t y ,  t h e  e x i s t i n g  marke t  p r i c e  i s  Pe, and consumption i s  
Qe t h e n  t h e  shaded a r e a  below t h e  demand c u r v e  cont inuum and 
above t h e  marke t  p r i c e  d e p i c t s  t h e  s u r p l u s  v a l u e  r e c e i v e d  by 
t h e  consumer by p a y i n g  p r i c e  Pe on a l l  Qe u n i t s .  The f u l l  money 
v a l u e  to  t h e  consumer is  t h e  e n t i r e  a r e a  unde r  t h e  demand c u r v e  
up t o  t h e  q u a n t i t y  pu rchased .  The c o s t  t o  t h e  consumer however 
i s  o n l y  PeQe. The d i f f e r e n c e  between t h e  f u l l  money v a l u e  and 
t h e  amount p a i d  i s  t h e  s u r p l u s .  
I f  t h e  marke t  e q u i l i b r i u m  p r i c e  and q u a n t i t y  were P1 and  
Q r e s p e c t i v e l y  and s h i f t e d  t o  P 2  and Q2 a s  shown i n  F i g u r e  V.2, 1 
consumers would r e a p  t h e  " b e n e f i t "  o r  i n c r e m e n t a l  consumer s u r p l u s  
i n d i c a t e d  by t h e  shaded a r e a .  The a r e a  d e f i n e d  by (P1 - pz)  Q1 
i s  c a l l e d  t h e  d i r e c t  consumer b e n e f i t  and measu re s  t h e  i n c r e m e n t a l  
s u r p l u s  t o  consumers  i f  no a d d i t i o n a l  u n i t s  w e r e  p u r c h a s e d  i n  s p i t e  
of t h e  lowered  p r i c e .  The shaded a r e a  c o r r e s p o n d i n g  r o u g l y  t o  
l / 2  (P1 - P2) (Q2  - Q1) i s  c a l l e d  t h e  i n d i r e c t  bene f i t  and r e -  
p r e s e n t s  t h e  i n c r e m e n t a l  s u r p l u s  t o  consumers  f rom a d d i t i o n a l  
p u r c h a s e  owing t o  t h e  more a t t r a c t i v e  p r i c e .  
The above discussion a p p l i e s  o n l y  t o  consumer b e n e f i t s .  
P r o d u c e r s '  and s o c i e t y ' s  b e n e f i t  may b e  i l l u s t r a t e d  i n  a s i m i l a r  
f a s h i o n .  I n  F i g u r e  V.3,DD i s  t h e  a g g r e g a t e  demand f u n c t i o n  for a  
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commodity and t h e  i n i t i a l  marke t  supply-demand e q u i l b r i u m  is  
such  t h a t  Ql i n  demanded a t  p r i c e  P 1. A t  t h e  p o i n t  (P 1. % I  
t h e  f o l l o w i n g  c o n d i t i o n s  p r e v a i l :  consumers  a r e  e n j o y i n g  a  n e t  
b e n e f i t  ( o r  consumer s u r p l u s )  o f  A,  and p r o d u c e r s  a r e  e n j o y i n g  
a  n e t  b e n e f i t  o f  B + E ,  t h e  s o - c a l l e d  p r o d u c e r  s u r p l u s .  T h i s  
l a t t e r  s u r p l u s  i s  t h e  d i f f e r e n c e  between t o t a l  r e v .  !us o b t a i n e d  
from s e l l i n g  Q1 a t  p r i c e  P1 and t h e  c o s t  o f  p r o d s c . : ~ . ,  t h o s e  i t e m c  
r e p r e s e n t e d  by t h e  a r e a  below t h e  s u p p l y  c u r v e  and above t h e  
h o r i z o n t a l  a x i s  between 0 and Q1. 
Now suppose  t h e  s u p p l y  f u n c t i o n  s h i f t s  f rom S1 t o  S 2 ,  
i n d i c a t i n g  t h a t  ( i n  g e n e r a l )  e ach  u n i t  o f  o u t p u t  c a n  be  p r o v i d e d  
a t  l e s s  c o s t  t h a n  b e f o r e .  The marke t  w i l l  move t o  a  new e q u i l i b -  
r ium s i t u a t i o n  and t h e  f o l l o w i n g  c o n d i t i o n s  w i l l  p r e v a i l .  R e f e r r i n g  - 
. , 
t o  F i g u r e  V.3, consumer s u r p l u s  i n c r e a s e s  f rom A t o  A + B + C + D 
i 
and p roduce r  s u r p l u s  changes  from B + E t o  E + F. 
C e r t a i n l y  t h e  consumer r e a p s  b e n e f i t s  f rom t h e  lowered  
p r i c e s  i .e . ,  A + B + C + D >A. The change i n  p r o d u c e r s t  b e n e f i t s  
> 
however a r e  n o t  n e c e s s a r i l y  p o s i t i v e  s i n c e  B + E E + F. The 
r e s u l t  depends upon t h e  e l a s t i c i t i e s  o f  t h e  s u p p l y  and demand 
c u r v e s .  The n e t  b e n e f i t  t o  s o c i e t y  would b e  B + C + D + P - B o r  
C + D + F and a l s o  depends  on t h e  e l a s t i c i t i e s  o f  s u p p l y  and demand. 
3. Types of  B e n e f i t s  From Improved Crop F o r e c a s t  I n f o r m a t i o n  
With t h e  above c o n c e p t s  a s  a  backdrop  t h e r e  a r e  t h r e e  
major  t y p e s  o f  b e n e f i t s  fxom improved c r o p  f o r e c a s t  i n f o r m a t i o n :  
d i s t r i b u t i o n  b e n e f i t s ,  d i s h o a r d i n g  b e n e f i t s  and p r o d u c t i o n  b e n e f i t s .  
Each o f  t h e s e  b e n e f i t s  i s  d e s c r i b e d  f u r t h e r  i n  t h e  f o l l o w i n g  
p a r a g r a p h s .  
V - 8  
F i g u r e  V.3 Increments in Consumer 
and Producer Surplus 
a. D i s t r i b u t i o n  B e n e f i t &  
m D i s t r i b u t i o n  b e n e f i t s *  ar ise  when a  g i v e n  ( p e r f e c t l y  
i n e l a s t i c )  supp ly  o f  some commodity is consumed f u l l y  i n  a  t w o  
p e r i o d  world  t h a t  r e s p o n d s  t o  i m p e r f e c t  f o r e c a s t s  as  i f  t h e y  w e r e  
t r u e .  These b e n e f i t s  are i l l u s t r a t e d  i n  F i g u r e s  V . 4 ( a ) ( b ) ( c )  and  
( d ) .  I n  t h e  upper  l e f t - h a n d  c h a r t ,  (a), t h e  t r u e  s u p p l y  and  demand 
f o r  a cnmmodity a r e  p r e s e n t e d .  Here t h e  e q u i l i b r i u m  p r i c e  and 
q u a n t i t y  a r e  P and Qo, r e s p e c t i v e l y .  Now, suppose  t h a t  i n  
0 
p e r i o d  1, s u p p l y  i s  b e l i e v e d  t o  be Q and t h e  marke t  equil ibrates 1 
a t  p r i c e  P 1- T h i s  i s  shown i n  t h e  u p p e r  r i g h t  hand c h a r t  o f  
F i g u r e  V.4. Here t h e  shaded a r e a  i n d i c a t e s  t h e  p e r i o d  1 w e l f a r e  
l o s s ,  owing t o  t h e  u n d e r e s t i m a t e  o f  supply .  By t h e  n e x t  p e r i o d ,  
however, t h e  u n d e r e s t i m a t e  o f  s u p p l y  h a s  been d e t e c t e d  and t h e  
- 
i 
. , 
s u p p l y  o f  t h e  zommodity s u r g e s  t o  a n  " e f f e c t i v e  t w o  p e r i o d  l e v e l n  
o f  Q2 w i t h  a new lower  p r i c e  o f  P 2 -  T h i s  r e a c t i o n  i s  shown i n  
c h a r t  (c) i n  t h e  lower  l e f t - h a n d  c o r n e r  o f  F i g u r e  V.4. H e r e  t h e  
.* 
-3 
shaded a r e a  i n d i c a t e s  t h e  w e l f a r e  g a i n  i n  t h e  second p e r i o d .  
Without  r e g a r d  t o  d i s c o u n t s ,  etc.  t h e  n e t  w e l f a r e  l o s s  t o  s o c i e t y  
owing t o  m i s i n f o r m a t i o n  is t h e  shaded a r e a  i n  c h a r t  (i l l .  i n  t h e  
lower  r i gh t -hand  c o r n e r  o f  F i g u r e  V.4. 
I n  t h i s  a d m i t t e d l y  s i m p l e  wor ld ,  t h e  n e t  w e l f a r e  l o s s  
i n d i c a t e s  t h e  p o t e n t i a l  w e l f a r e  g a i n  t o  s o c i e t y  from p e r f e c t  
i n f o r m a t i o n  a t  t h e  o u t s e t .  A p a r t i a l  improvement i n  i n f o r m a t i o n ,  
o f  c o u r s e ,  w i l l  c a p t u r e  o n l y  a  p o r t i o n  o f  t h e  o r i g i n a l  w e l f a r e  
l o s s  o r  p o t e n t i a l  w e l f a r e  g a i n .  T h i s  p a r t i a l  improvement is  
P 
- TRUE SUPPLY 
Q 
0 4 Q 
( c )  
F i g u r e  V.4 P o t e n t i a l  Distribution B e n e f i t s  
is i l l u s t r a t e d  i n  F i g u r e  V.S. I n  t h i s  f i g u r e  t h e  o r i g i n a l  w e l f a r e  
loss or p o t e n t i a l  w e l f a r e  g a i n ,  is t h e  shaded  a r e a  bounded by 
Po, P2, Q1 and Qo. T h i s  l o s s ,  o f  c o u r s e ,  c o r r e s p o n d s  t o  some 
o r i g i n a l  f o r e c a s t  error p r o b a b i l i t y  d e n s i t y  f u n c t i o n .  Improved 
i n f o r m a t i o n ,  is  r e f l e c t e d  i n  a n a r r c w e r  or t i g h t e r  f o r e c a s t  error 
d i s t r i b u t i o n .  The r e d u c t i o n  i n  forecast e r r o r  v a r i a t i o n  implies 
a  new and smaller welfare loss  ( t h e  R e s i d u a l  We l f a r e  L o s s )  
bounded by po, P2*, Q l f ,  and Qo. The d i f f e r e n c e  between t h e  
o r i g i n a l  w e l f a r e  loss and t h e  r e s i d u a l  w e l f a r e  loss is t h e  welfare 
g a i n  owing t o  i s p r o v e d  i n f o r m a t i o n  and  i s  i l l u s t r a t e d  i n  t h e  
lower  r i g h t  o f  F i g u r e  V.5. 
An e s t i m a t e  o f  t h i s  t y p e  o f  b e n e f i t  is e x t r e m e l y  complex 
and i n v o l v e s  t h e  u s e  o f  s i m u l a t i o n  methods owing t o  t h e  s t o c h a s t i c  
n a t u r e  o f  t h e  problem,  t h e  p o s s i b i l i t y  o f  c a r r y  o v e r  and t h e  
v a r i a b l e  l e n g t h s  o f  t h e  s t o r a g e  and  d i s t r i b u t i o n  p e r i o d s .  A more 
d e t a i l e d  d i s c u s s i o n  o f  t h e s e  b e n e f i t s ,  and t h e i r  measurement,  i s  
p r e s e n t e d  i n  a n o t h e r  ECON c a s e  s t u d y *  and i s  n o t  r e p e a t e d  h e r e ,  
b. D i shoa rd ing  and P r o d u c t i o n  B e n e f i t s  
D i shoa rd ing  b e n e f i t s  a r i s e  i n  a  wor ld  t h a t  i s  r i s k  a v e r s e  
and tempers  i t s  r e s p o n s e  t o  f o r e c a s t s  owing t o  t h e i r  u n c e r t a i n t y .  
Here,  s t o c k s  a r e  assumed t o  be hoarded i n  p r o p o r t i o n  t o  t h e  
u n c e r t a i n t y  s u r r o u n d i n g  a n t i c i p a t e d  o r  f o r e c a s t e d  h a r v e s t s .  
' 
* Bradfo rd ,  D. and Kafeg in ,  H . ,  The Value  o f  Improved (ERSI 
I n f o r m a t i o n  based  on Domestic D i s t r i b u t i o n  E f f e c t s  o f  
E U.S. A g r i c u l t u r a l  Crops,  ECON, Inc., P r i n c e t o n ,  N . J . ,  1974 
( fo r thcoming)  
NET COIYSWER 
Q Q* Q Q* Q 
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Figure V.5 Distribution Benefits Prom a Partial 
Improvement in Information, 
! 
I - - -, . r.. . ..-,-.. , 
Improved forecasts in this case would reduce uncertainty and 
therefore reduce risk balances and their associated storage costs 
and increase available stocks. The reduced storage costs and 
increased availability of stocks would be reflected by an increase 
in supply, as illustrated in Pigure V.6. The benefits to con- 
sumers, producers and society ;:-om the increased supply are 
indicated in Pigure V.6 and the correspondin algebraic summary. 
Production benefits manifest themselves in a manner similar 
to the dishoarding benefits discussed above- I n  this case farmers 
may pass on lower production costs owing in part to reduced storage 
costs for "risk balances" of feed, seed and other factors of 
production. Lower production costs again may be illustrated as 
an increase in supply. This increase in supply and the resulting 
benefits to consumers, producers and societv are illustrated in 
Figure V.7. 
Before turning to our estates of ERS system banefits (Type I1 
or dishoarding benefits) it is worth noting the various technical 
attributes of a crop forecasting system and our focus on improved 
forecast accuracy in assessing the value of dishoarding benefits. . .
, ! 
.* . 
4. The Characteristics of Improved Crop Forecast Information 
A crop forecast system can be described by technical 
attributes. These attributes include: timeliness, accuracy, 
completeness, and dependability. 
Timeliness is a term for the attribute of the system which 
reduces the lag between the occurrences of a phenomenon and the 
Figure  V.6 Dishoarding 
- 
B e n e f i t s  
F igure  V . 7  Production B e n e f i t s  
knowledge of the event by decision makers who ray benefit from 
the information. With the current capability of one-in-eighteen 
day observation of the same area and the future possibility of 
"real timen observation (using synchronous satellites), the 
decision-maker can xeact with minimum delay to hatural and man- 
made events. "Timea is certainly one of the most important 
elements in production in modern economy, and any system that 
can reduce this factor will provide economic benefits. 
Accuracy relates to the ability to correctly interpret the 
systemg s information (ERs imagery) . This places a burden on the 
system to provide relevant data that can be interpreted accurately. 
There are technical properties of ERS imagery that strongly sug- 
gest the system will record events more accurately than by con- 
ventional means, A satellite system provides sun synchronous 
imagery of the same area, it does not require orthagraphic 
rectification, and it can take "snapshotsn of large area phenomenon. 
The corresponding forecast improvements over current methods are 
presented in Part 5 b~low. 
Completeness expresses the attribute of effective sample 
size. It would, from a cost standpoint - assuming that the other 
techn.ica1 attributes were attainable by other means - be prohibitive 
to acquire the same amount of information made available by an 
ERS system from some existing crop monitoring system. 
Dependabiiity refers to the attribute of regular and 
repetitive coverage. For ERTS-type systems there is the problem 
of  c l o u d  cove r .  However, t h e r e  i s  a  v e r y  h i g h  p r o b a b i l i t y  t h a t  
anyone s e e k i n g  a n  image o f  a  g i v e n  a r e a  w i l l  o b t a i n  it o-per a  
number of s a t e l l i t e  p a s s e s .  O f  c o u r s e ,  a u s e r  may want t h e  i n -  
f o r m a t i o n  f o r  a  g i v e n  day ,  week, month, s e a s o n ,  e t c ;  and c l o u d  
cover can l i m i t  the ab i l i t y  t o  achieve t h i s  t i m e l i n e s s .  But i n c l e m e n t  
wea ther  c o n d i t i o n s  h o l d  f o r  a i r c r a f t - d e r i v e d  imagery and ground 
t r u t h  a s  w e l l .  
E s t i m a t i n g  t h e  b e n e f i t s  from a n  improvement i n  e a c h  of  
t h e  above  a t t r i b u t e s  is  beyond t h e  r a n g e  of t h i s  s t u d y .  A s  a  
f i r s t  a t t e m p t ,  o u r  f o c u s  h e r e  i s  on improvements i n  c r o p  p ro -  
d u c t i o n  f o r e c a s t  a ccu racy .  A s  n o t e d  i n  C h a p t e r  I V  above,  a c c u r a c y  
is measured i n  t h i s  s t u d y  by t h e  a v e r a g e  a b s o l u t e  p e r c e n t  e r r o r s  
of annua l  c r o p  p r o d u c t i o n  f o r e c a s t s  made one ,  two, t h r e e ,  e t c .  
months p r i o r  t o  h a r v e s t .  I n  Chap te r  XV it a l s o  was no t ed  t h a t  
t h i s  proxy measure o f  r i s k  was found t o  have a s i g n i f i c a n t  impac t  
'i 
il 
on f u t u r e s  p r i c e s  and q u a n t i t i e s  which,  i n  t u r n ,  were r e l a t e d  t o  1 
p h y s i c a l  p r i c e s  and q u a n t i t i e s .  These r e s u l t s  make it p o s s i b l e  
t o  a s s e s s  some o f  t h e  b e n e f i t s  from potent ia l  ERS sys t em improvements 
i n  f o r e c a s t s .  These e s t i m a t e s  a r e  d i s c u s s e d  f u r t h e r  i n  t h e  
f o l l o w i n g  pa rag raphs .  
5. The Value of  Improved I n f o r m a t i o n  
I n  t h e  f o l l o w i n g  p a r a g r a p h s  w e  p r e s e n t  o u r  e s t i m a t e s  o f  
t h s  a n n u a l  d i s h o a r d i n g  b e n e f i t s  t o  consumers from p o t e n t i a l  E R S  
improvements o v e r  c u r r e n t  c r o p  f o r e c a s t  a c c u r a c y  f o r  soybeans  and 
wheat.  These e s t i m a t e s  a r e  based  on  l i k e l y  ERS a c c u r a c y  
improvements  ( t o  be p r e s e n t e d ) ,  t h e  e l a s t i c i t i e s  p r e s e n t e d  i n  
T a b l e s  I V . 2  and  IV.4 above and  on 1 9 7 3  p r i c e s  and  q u a n t i t i e s .  
The a c t u a l  c a l c u l a t i o n  o f  t h e s e  b e n e f i t s ,  g i v e n  i n  p a r t  V.A.5.b. 
be low,  a re  i l l u s t r a t e d  i n  t h e  f l o w  c h a r t  i n  F i g v r e  V.8. Here, 
a n  assumed c h a n g e  f o r e c a s t  e r r o r  v a r i a t i o e  (a r e d u c t i o n )  i s  t r a c e d  
t h r o u g h  t h e  s y s t e m  o f  e l a s t i c i t i e s  t o  d e t z r m % n e  r e l a t i v e  p r i c e  
a n d  q u a n t i t y  i m p a c t s .  These  i m p a c t s  t h e n  are combined w i t h  1973  ' 
p r i c e s  a n d  q u a n t i t i e s  t o  p r o v i d e  t h e  b e n e f i t s  e s t i m a t e s .  I t  
s h o u l d  be n o t e d  t h a t  c o n s e r v a t i v e  u p p e r  a n d  l o w e r  bounds  a r e  
g i v e n .  The " u p e r  bound" i n d i c a t e s  t h e  d i r e c t  b e n e f i t s  t o  con-  
s u m e r s  u s i n g  t h e  e s t i m a t e d  c o e f f i c i e n t s .  The l o w e r  bound 
r e p r e s e n t s  a n  e s t i m a t e  o f  t h e  d i r e c t  b e n e f i t s  t o  consumers  where  
t h e  " s l o p e n  p o r t i o n  o f  t h e  e l a s t i c i t i e s  h a v e  b e e n  l o w e r e d  o r  r a i s e d  
.- 
two s t a n d a r d  d e v i a t i o n s  i n  o r d e r  t o  o b t a i n  a n  u n l i k e l y  low 
b e n e f i t s  v a l u e .  
Two a d d i t i o n a l  p o i n t s  must  be n o t e d .  F i r s t ,  t h e  b e n e f i t s  
estimates p r e s e n t e d  a r e  n o t  b a s e d  o n  a f u l l  s i m u l t a n e o u s  s o l u t i o n  
o f  t h e  model i n v o l v i n g  a l l  o f  t h e  e s t i m a t e d  e l a s t i c i t i e s  a n d  
i n t e r c o n n e c t i o n s .  To b e  s u r e  s u c h  a n  a p p r o a c h  i s  d e s i r a b l e  a n d ,  
b a s e d  on o u r  f i n d i n g s  i n  t h i s  s t u d y ,  a p p e a r s  t o  be w i t h i n  r e a c h  
o f  a n  e x t e n d e d  a n d  expanded  e f f o r t .  T h i s  t i m e  a r o u n d ,  however ,  
we mus t  l i m i t  o u r s e l v e s  t o  t h e  ' c o n d i t i o n a l "  b e n e f i t s  e s t i m a t e s  
p r e s e n t e d .  
Second ,  a s  n o t e d  a b o v e ,  t h e  s i z e  o f  t h e  b e n e f i t s  f rom 
improved i n f o r m a t i o n  depend  i n  p a r t  o n  t h e  assumed improvements  
Reduction i n  Forecast 
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Figure V.8 The Calcu la t ion  or B e n e f i t s  
in forecast accuracy. Outrageous assumptions as to accuracy 
improvements, of course, would invalidate the benefit figures. 
The improvements assumed here are thought to be conservative 
and are discussed further below. 
a. Likely Accuracy Improvements from an ERS System 
An analysis of the accuracy of crop forecasts by 
Gunnelson et al* concludes that the USDA tends to (1) under- 
estimate crop size, ( 2 )  under-estimate the size of changes in 
production from year-earlier levels and (3) undercompensate 
for error in previous forecasts when developing revised crop 
forecasts. Absolute forecasting errors are a function of the 
length of the forecasting period. Examples of average fore- 
casting errors by month of forecast for various commodities are 
presented in Table V.l below. 
Crop production estimates are generally arrived at as 
the product of two components: acreage and yield per acre. 
... 
.Approximately one-half of the inaccuracy of U.S. wheat and soy- . - 
bean production forecasts is in the estimation of the acreage 
component. Thus, even if remote sensing could improve only the 
2 
acreage portion of the reduction estimate, a significant improve- 
ment in the production forecast would result. Based on the Task 
"unnelson, G. et al, "Analysis of the Accuracy of USDA Crop 
Forecasts," American Journal of Agricultural Economics, 
Vol. 54, No. 4, Part 1, November 1972: pp. 693-645. 
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Force on Agricultural Forecasting Report,* current data strongly 
suggest that an ERS system may be able to improve acreage fore- 
casts by at least 50 percent throughout the forocl,t period [921. That 
is, ERS-based acreage forecasts would have less'than half the error variation 
of current USDA acreage projections. Thus, in the benefits 
estimates to be presented, the calculations assume only a 2 5 %  
in~provement in production forecast error variation. Since studies 
of ERTS-1 yield estimates suggest that similar improvements may 
be made here cnd since timinq, completeness and dependakility 
improvements have not been considered, the assumed ERS improvement 
in productioxi forecasts are considered to be conservative. 
The potential accuracy improvemvnts in ERTS-1 over 
current USDA methods are shown in Figure V.9. It is on the basis 
of these data that our ERS accuracy improvement assumptions were 
made. 
b. Benefits Estimates 
The estimated direct benefits to consumers from a 259 
reduction in forecast error variation are summarized in Table V.4. 
These values were calculated using the assumed ERS accuracy 
improvement together with the elasticities presented in Tables 
IV.2 and IV.4 and 1973 prices and quantities. 
Wood, D.B., et al, "The Use of the Earth Resources Technology 
Satellite (ERTS) for Crop Production Forecasts," Task Force -. 
on Agriculture Forecasting, Goddard Space Flight Center, 
Draft Final Report, July 24, 1972. i 
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F i g u r e  V . 9  I l l u s t r a t i v e  ERTS-1 A c c u r a c y  Improvement  
I n  Crop F o r e c a s t s  
The a c t u a l  c a l c u l a t i o n  o f  t h e  b e n e f i t s  are se t  f o r t h  
i n  T a b l e s  V.2 and V . 3 .  The u p p e r  bound b e n e f i t s  v a l u e  i s  b a s e d  
on t h e  r e p o r t e d  e s t i m a t e d  c o e f f i c i e n t s .  The lower  bound b e n e f i t s  
were c a l c u l a t e d  u s i n g  i m p u l s e  r e s p o n s e  c o e f f i c i e n t s  two s t a n d a r d  
d e v i a t i o n s  below ( o r  above)  t h e i r  estimated v a l u e .  I n  a s t a t i s t i c a l  
s e n s e  it is  h i g h l y  u n l i k e l y  t h a t  t h e  consumer  b e n e f i t s  f rom . 258 
r e d u c t i o n  i n  c r o p  f o r e c a s t  e::ror v a r i a t i o n  w i l l  f a l l  be low t h e  
lower  bound b e n e f i t s  v a l u e s .  Moreover it i s  w o r t h  n o t i n g  t h a t  
t h e s e  b e n e f i t  est imates a r e  e s p e c i a l l y  c o n s e r v a t i v e  i n  s o  f a r  as 
t h e y  o n l y  r e f l e c t  t h e  d i r e c t  b e n e f i t s  t o  c o n s u m e r s  a n d  d o  n o t  
i n c l u d e  t h e  J i k e l y  y i e l d  e s t i m a t e  improvements  a n d  s e c o n d a r y  
e f f e c t s  s u c h  a s  t h o s e  b r o u g h t  a b o u t  by t h e  i n c r e a s e d  a v a i l a b i l i t y  
o f  l o a n a b l e  f u n d s .  
B. Government A g r i c u l t u r a l  P o l i c y  A c t i o n  a n d  t h e  
Impact  o f  Improved Crop P r o j e c t i o n s .  
Jn t h e  p r e v i o u s  p a r a g r a p h s  e s t i m a t e d  b e n e f i t s  t o  s o c i e t y  
o f  3RS c r o p  f o r e c a s t  i n f o r m a t i o n  w e r e  p r e s e n t e C .  I n  t h e s e  p a r a -  
g r a p h s  t h e  ~ p e t a t i o n a l  s ide o f  t h e s e  E R S  b e n e f i t s  are e x p l o r e d ;  
s p e c i f i c a l l y ,  t h e  d i s c u s s i o n  f o c u s e s  on t h e  i m p a c t  o f  E R S  c r o p  
p r o j e c t i o n s  on t h e  g o v e r n m e n t ' s  p o l i c y  o p e r a t i o n s  i n  m a r k e t s  f o r  
a g r i c u l t u r e  commodi t ies .  It mus t  b e  n o t e d  t h a t  n o  a t t e m p t  i s  
made h e r e  t o  a s s e s s  t h e  " r i g h t n  o r  e f f i c i e n c y  of  t h e  g o v e r n m e n t ' s  
a c t i v i t y  i n  t h c  d o m e s t i c  and  f o r e i g n  m a r k e t s  f o r  commodi t i e s .  
R a t h e r  t h e  d i s c u s s i o n  h e r e  i s  p o s i t i v e  and  d e s c r i b e s  t h e  l i k e l y  
impac t  o f  E R S  c r o p  f o r e c a s t  i n f o r m a t i o n  on the  government's policy 
o p e r a t i o n s  r e g a r d l e s s  o f  t h e  m e r i t  of t h o s e  o b j e c t i v e s .  To be 
s u r e ,  it i s  beyond t h e  s c o p e  o f  t h i s  d i s c u s s i o n  t o  e x p l o r e  t h i s  
SZ-A 
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area in detail. However, strong policy observations can be made 
from a broad brush stroke portrait of the issue. In the para- 
graphs to follow two examples are used to sketch such a portrait. 
Before turning to these examples some description must be given 
of the government's basic posture in t3e economy in order to 
view properly the ERS impact to be discussed. 
It is assumed that the government sets goals or targets 
on agricultural prices and attempts to achieve those goals through 
judiciously orchestrated purchases and sales of the *targetedn 
commodity. That is to say, the government is assumed to act as 
a grand economic agent to equilibrate supply with demand at some 
"desired" price. With this backdrop, the discussion now turns 
to the impact of ERS-improved crop forecast accuracy on the 
government's domestic end foreign agricultural policy operations. 
1. Improved Information and its Impact on Government 
Domestic Purchases or Sales 
A common domestic objective of the government, 
operating through the CCC, is to ensure a parity price for certain 
agricultural commodities such as wheat. The basic operating rule 
for the CCC is to purchase a commodity when the market price 
threatens to fall below parity and sell the commodity when prices 
have surged beyond some predetermined upper limit. These actions 
by the government serve to increase demand in the former case and 
increase supply in the latter. Ceteris paribus, the results in 
turn exert upward or downward pressures on prices. 
Market p r i c e s ,  however, a l s o  r e f l e c t  e x p e c t e d  demands 
and expec t ed  s u p p l i e s .  Because c r o p  f o r e c a s t s ,  and t h e r e f o r e  
expec t ed  s u p p l i t s ,  change from month t o  month as t h e  h a r v e s t  
draws n e a r , t h e  government may b e  buying  one  month and s e l l i n g  
t h e  n e x t  i n  r e s p o n s e  t o  changes  i n  marke t  e x p e c t a t i o n s  owing t o  
changes  i n  c r o p  f o r e c a s t s .  
To t h e  e x t e n t  t h a t  f o r e c a s t  errors m a n i f e s t  t h e m s e l v e s  
i n  s p u r i o u s  p r i c e  movements, t h e  government w i l l  buy and s e l l  t h e  
a f f e c t e d  commodity t o  keep  i t s  p r i c e  w i t h i n  bounds. Thus, t h e  
government a c t s  t o  i n s u l a t e  t h e  marke t  from f o r e c a s t  " n o i s e n .  
Obverse ly ,  i f  t h e  f o r e c a s t s  were  p e r f e c t  t h e  governmznt s t i l l  might  
e n t e r  t h e  marke t  t o  o f f s e t  any demand-supply imba lance  v i s  a v i s  
d e s i r e d  p r i c e s .  ERS i n f o r m a t i o n ,  o f  c o u r s e ,  w i l l  n o t  a l t e r  t h e s e  
o p e r a t i n g  r u l e s .  The impact of an ERS system i n  t h i s  context simply w i l l  
be  to  r educe  t h e  " n o i s e n  t h e  govercment  must  f i l t e r  f rom t h e  
system. Thus,  ERS-improved f o r e c a s t s  may e x e r t  a  p a s s i v e  i n -  
f l u e n c e  on government domes t i c  o p e r a t i o n s .  However, t h e r e  i s  one  
way i n  which t h e  ERS n o i s e  r e d u c t i o n  may enhance  government  
p o l i c y  o p e r a t i o n s .  Every r e d u c t i o n  i n  marke t  n o i s e  does improve 
t h e  government ' s  view of t h e  marke t  and t h e r e f o r e  h e l p s  t h e  
government d e s i g n  and implement b e t t e r  and more e f f i c i e n t  a g r i -  
c u l t u r a l  p o l i c i e s .  
2 .  Government A g r i c u l t u r a l  Expor t  P o l i c i e s  and World 
Wide Crop P r o j e c t i o n s  
The most r e c e n t  Russion wheat d e a l  i l l u s t r a t e s  t h e  
impor tance  o f  a  world  wrde m o n i t o r i n g  sys tem and how s u c h  a  sys tem 
V - 2 9  
can  a s s i s t  U.S. a g r i c u l t u r e  e x p o r t  p o l i c i e s .  Al though t h e  
p i c t o r i a l  h i s t o r y  o f  t h a t  t r a n s a c t i o n  i n  F i g u r e  V.5 is v i r tua l ly  
s e l f  e x p l a n a t o r y ,  some f u r t h e r  comment is  war ren ted .  I n  e a r l y  
t o  mid 1973 t h e  Uni ted  S t a t e s  opened i t s  wheat s u p p l i e s  t o  t h e  
S o v i e t  Union. A t  t h i s  t i m e  it was known t h a t  t h e  S o v i e t s  would 
e x p e r i e n c e  a  s e r i o u s  s h o r t f a l l  i n  wheat p r o d u c t i o n .  However, 
t h e  s i z e  o f  t h e  s h o r t f a l l  and t h e  p o t e n t i a l  pu rchase  was n o t  
known to  t h e  market .  Recognizing t h e  economic v a l u e  o f  an  un- 
informed w e l l  i n t e n t i o n e d  t r a d i n g  p a r t n e r ,  t h e  R u s s i a n s  moved 
s w i f t l y  and purchased  m i l l i o n s  o f  t o n s  o f  wheat f o r  f u t u r e  de -  
l i v e r y  a t  p r i c e s  t h a t  r e f l e c t e d  t h e  m a r k e t ' s  i g n o r a n c e .  Soon 
a f t e r  t h e  mass ive  Russion e n t r y  i n t o  t h e  marke t  U.S. d o m e s t i c  
p r i c e s  s o a r e d  t o  r e c o r d  l e v e l s .  
I n  i t s  n e g o t i a t i n g  w i t h  t h e  S o v i e t  Union t h e  Un i t ed  
S t a t e s  government expec ted  S o v i e t  p u r c h a s e s  of  up t o  1 0  m i l l i o n  
t o n s .  The e l a s t i c i t i e s  p r e s e n t e d  i n  T a b l e  I V . 4  and based  on  
1960-1971 d a t a  s u g g e s t  t h a t  such  a mass ive  i n c r e a s e  i n  demand 
would r a i s e  p r i c e s  by a l m o s t  100 p e r  c e n t .  I n  f a c t  t h e  S o v i e t s  
c o n t r a c t e d  f o r  1 0  m i l l i o n  t o n s  o f  wheat i n  less  t h a n  a  month and 
went on t o  pu rchase  a t  l e a s t  an  a d d i t i o n a l  2 m i l l i o n  t o n s .  Had 
t h e  magni tude of marke t  impact  been  known by  t h e  Un i t ed  
S t a t e s ,  t h e . R u s s i a n  e n t r y  i n t o  t h e  marke t  c o u l d  have been 
phased o v e r  a  l o n g e r  p e r i o d .  I n  t h i s  way t h e  marke t  cou ld  have 
adap ted  t o  e a c h  S o v i e t  b i d  and ,  a s  p r i c e s  r o s e ,  t h e  S o v i e t  a p p e t i t e  
might have been cu rbed .  A t  t h e  v e r y  l e a s t ,  t h e  S o v i e t s  would have 
s h a r e d  t h e  f i r s t  o p e r a t i o n a l  c o s t s  of  D e t e n t e .  
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On t h e  one hand, t h e  new r m n d  o f  i n f l a t i o n a r y  p r e s s u r e s  
b rough t  on by t h e  Russ ian  wheat d e a l '  c o u l d  have been reduced  
th rough  t h e  i n t e l l i g e n t  s c h e d u l i n g  of  t h e  S o v i e t  e n t r y  i n t o  t h e  
marke t  by t h e  U.S .  t r a d e  n e g o t i a t o r s .  On t h e  o t h e r  hand,  even  i f  
t h e  U.S. t r a d e  n e g o t i a t o r s  were n o t  w i s e  t o  t h e  l i k e l y  marke t  
impac t  of  sq1ch a  t r a n s a c t i o n , t h e  marke t  was. The problem h e r e ,  
of c o u r s e ,  i s  t h a t  t h e  U . S .  t r a d e  n e g o t i a t o r s  and t h e  marke t  
d i d  n o t  have a c c u r a t e  e s t i m a t e s  of Russ ian  demand i .e. ,  w e  d i d  
n o t  have a c c u r a t e  e s t i m a t e s  -f t h e  s h o r t f a l l  i n  t h e  Russ i an  
h a r v e s t s .  Had t h i s  i n f o r m a t i o n  been a v a i l a b l e  t o  t h e  marke t ,  
and t h e  U.S. t r a d e  n e g o t i a t o r s ,  t h e  market  cou ld  have t a k e n  a 
r e a l i s t i c  b a r g a i n i n g  p o s i t i o n .  I t  i s  c l e a r  t h a t  ERS i n f o r m a t i o n  
t o g e t h e r  w i t h  knc . l edge  of  t h e  marke t  and i n t e l l i g e n t  b a r g a i n i n g  -. 
. , 
c o u l d  have r e s u l t e d  i n  t h e  s a t i s f a c t i o n  of t h e  Russ ian  demand 
w i t h o u t  f u l l  s u b s i d i z a t i o n  b y  t h e  American consumer. 
V I .  GENERAL CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH 
The purpose of t h i s  s tudy was t o  develop a b e t t e r  understand- 
ing of t h e  commodities markets,  with s p e c i a l  emphasis on t he  i m -  
portance of crop fo recas t  information and fore ign  t r a d e ,  i n  o rder  
t o  a s se s s  t h e  b e n e f i t s  t o  s o c i e t y  from improved ( E R S )  crop pro- 
j ec t ions .  To achieve thcse  goals  it was necessary t o  determine 
t h e  e l a s t i c i t i e s  of demand and sapply i n  both t h e  c u r r e n t  ( s p o t )  
and forward ( f u t u r e s )  markets f o r  a g r i c u l t u r a l  commodities. This 
was accomplished through t h e  formal development and es t imat ion  of 
economic r e l a t i o n s h i p s  descr ib ing  t h e  behavior of t h e  markets. 
The model followed the  a n a l y t i c a l  and empi r ica l  l e a d  of o t h e r s  
. - 
and, f o r  t h e  most p a r t  p a r a l l e l s  e a r l i e r  f i nd ings .  The p r i n c i p a l  
unique con t r ibu t ion  is the  d i r e c t  t e s t i n g  of t h e  i n f luence  of 
crop f o r e c a s t  accuracy on market behavior. Although t h e  em- 
p i r i c a l  r e s u l t s  and pol icy conclusions have been presented e l s e -  
where, these  r e s u l t s  warrant  repea t ing  here  where t h e i r  f u l l  
meanin3 and s ign i f i cance  can be apprecia ted.  To be s u r e , t h i s  
r epo r t  i s  not  t h e  l a s t  word on the  complex i s s u e s  s tudied,and 
t h e r e  a r e  many a r ea s  where f r u i t f u l  f t r t h e r  research  should be 
conducted. Accordingly, in t h e  l a s t  paragraphs of t h i s  r e p o r t ,  
t h e  most promising of these  a r ea s  a r e  s e t  f o r t h .  
A. Conclusion 
There are several major conclustions to be drawn from 
this stady. They are 
@Crop forecast accuracy plays an influential role 
in the commodities markets. 
*Prices of commodities move directly with crop 
forecast accuracy. That is, increases in forecast 
inaccuracy lead to higher commodity prices, ceteris 
paribus and obversely, improvements'in crop fore- 
cast accuracy lead to lower commodity prices. 
@ A  twenty five per cent improvement in the accuracy 
of soybean and wheat crop production forecasts, 
promises tens of millions of dollars worth of 
benefits to society. 
8 In~proved crop production forecasts will not impinge 
on U . S .  government domestic agricultural policy 
objectives and operations. In fact, improved 
crop forecasts will enhance the soundness of those 
objectives and the precision of these operations. 
D o m e s t i c  production is very responsive to prices 
and increases in foreign demand will create upward 
pressures on prices. 
.Foreign demand for U.S. soybean and wheat closely 
reflects foreign per c w i t a  food production 
C \ . -
.Improved estimates of foreign food production used 
wisely by all trading parties can lead to "pareto 
optimal" exchange where neither party is worse off 
and at least one party is better off. 
.Failure to discriminate,or use wisely, accurate 
foreign crop production forecasts promises future 
reena~tments of the "Pareto suboptimal*' wheat 
transaction between the United States and the 
Soviet Union. 
@Long-term credit availability is an important in- 
fluence in the commodities markets and is influenced 
by inflation and the factors influencing the rate 
of inflation. 
There are a number of other specific and technical con- 
clusions to be drawn from this study. They are presented in Sections 
IV and V and thougl important to the specialist, need not be re- 
repeated here. There are, however, a number of important areas 
where further research and investigation is crucial and these 
topics are summarized next. 
B. Recommendations for Further Research. 
The operating thesis of this study was to focus on 
major issues and robust findings; leaving important but secondary 
issues for future research. Among the most important of these 
issues and problems are the following: 
@Owing to the interdependencies between crop pro- 
duction decisions and between crop consumption de- 
cisions a full complement of agriculture commodities 
should be studied in detail. 
Because individual crops vary in quality, harvest 
time and final use, considerable attention should be 
directed toward these intensive issues to better 
understand the incidence of societal benefits from an 
ERS system for 'each crop. 
.Differences in tastes, soil fertility and harvest 
time all suggest that foreign demand for U.S. agri- 
-. 
cultural commodities be investigated with much greater I * 
detail so as to assess properly the benefits of ERS 
to all trading partners. 
@Further work must be done to improve the quality of 
the current data usad for empirical estimation. Here 
improved sampling procedures and more complete and 
highly resolved records are most importi.nt. 
.The channels of communication that transmit pro- 
duction forecast data to the market should be studied 
in detail so as to properly assess the value of time- 
liness in crop forecast information. 
T h e  competitiveness of the domestic markets for 
agricultural commodities should ba studied in order 
to identify possible informatior, bottlenecks. 
Each of these issues is a major topic in itself and their 
absence from this study only serves to dilute its potential. 
Nevertheless, the findings are substantial and argce strongly fox the 
. . . . .. . . .  
implementation c f  an ERS system. To be sure, the substanti~l 
benefits from ERS may not be realized owing to the unscrupulous 
acts oP those who would restrain trade for private gain or because 
the infornation f r ~ m  ERS is not used or disseminated wisely. 
Ignorance and wanton abuse, of course, are not reasons to refrain 
from implementing an otherwise beneficial system. 
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